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Aldrin landed 


crackly words 
o the world a 


That's one ste 
for mankind. 


Turns out tha’ 
fact slightly m 


Right now, I'm 
writing this 
welcome message 
on a computer 
hat's thousands 
of times more 


powerful than the machines that 
anded the very first humans on the 
Moon. And let me tell you, it truly 
makes you appreciate one of the most 
historic moments in spaceflight, where 
Apollo 11's Neil Armstrong and Buzz 


on the lunar surface, 


he former reportedly uttering those 


that were televised 
nd which have been 


engrained in history for all time: 


p for man, one giant leap 


But is that what was really said? 


Armstrong was in 
isquoted as his boot 


ouched the lunar regolith 48 years 
ago. And that’s not all - the Apollo 


1 commande 


almost didn't get the 


chance to earn the title of first man 
on the Moon. Turn to page 16 for 
an exclusive inside story on what 
actually happened during launch, 
what took place behind the scenes at 
mission control and the challenges the 
astronauts faced - featuring first-hand 
accounts from the likes of Apollo 11 
pilot Buzz Aldrin and the mission’s 
flight director Gene Kranz. 
Of course, we've landed on the 
Moon more than once and you can 
observe the sites for yourself using 
your telescope. We've put together a 
guide to spotting the landing sites of 
Apollo 11, Apollo 12, Apollo 14, Apollo 
15, Apollo 16 and Apollo 17 - all you 
need to do is wait for the Moon to rise 
and get observing. Enjoy the issue! 
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Is everything we know about Jupiter wrong? 


“Somewhere under the visible 
clouds, there's a churning fluid 
that is the dynamo" 


Contributors 


Nick Howes 


Nick tells the inside story 
of Apollo ll onthe 48th 
anniversary of the mission 
that changed space 


1. exploration forever. 


Colin Stuart 


There are four forces of 
nature that we know of. 
Colin meets some of the 
scientists who suspect the 
existence of a fifth. 


Ben Gilliland 


The Voyager mission 
celebrates 40 years 

of cruising the Solar 
System and beyond this 
month. Ben highlights its 
discoveries, imagery and 
what's next. 


Stuart Atkinson 


Astronomer Stuart reveals 
how youcan make the 
most of the lunar surface 
by tracking down the 
region of each and every 
Apollo landing site. Get 
your telescope ready! 
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Observe the 
-Apollosites 


I%, 


* spewing out intense ultraviolet light, which causes nearby : > 
- hydrogen gas to glow. This region is the stellar nursery of NI59,— -* . 


NTACT wr 


~ Sensationally stormy . | 
stellar nursery | a3 . 


* This striking image really depicts the hustle and bustle of the ; 
universe. Snapped by the Hubble Space Telescope, it highlights 2 — 
the turbulent mixture of darkened dust and illuminated gas: — 
within one of the Milky Way's satellite galaxies, the irregular * 
Large Magellanic Cloud. *. 
Hidden beneath the stormy scene are many hot young stars A 


a region that's rich.in ionised hydrogen and measures over 150 
light years across. RS ae 

* At the heart of the cosmic cloud resides the Papillon Nebula, Py 4 
a butterfly-shaped region of nebulosity dominating the left of a eget 5 1 oo: : ; 
the scene, which is packed with massive stars in the very early . . +. “2 tg "a a 1, 4 a: “% oe s 
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Team photo before 
returning to Earth 


Here is a group shot of the International Space Station's (ISS) 
Expedition 51 crew, which consisted of ESA astronaut Thomas 
Pesquet (top left), NASA astronauts Peggy Whitson (centre) 
and Jack Fischer (bottom left) and Roscosmos cosmonauts 
Oleg Novitskiy (top right) and Fyodor Yurchikhin (bottom right). 

The team shot was taken just a few days before Pesquet and 
Novitsky returned back to Earth on 2 June 2017 (inset), where 
the dynamic duo touched down on terra firma at 14:10 GMT, 
ending their 196-day journey spent in space with a four-hour 
flight from the orbiting outpost. 


@©ESA; NASA; Stephane Corvaja 
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As NASA's Mars Reconnaissance Orbiter s> j 7 
explores the surface of the Red Planet during a 
late summer in the southern hemisphere, the 
High Resolution Imaging Science Experiment 

_J/ (HiRISE) caught this elusive image of the 
landscape. The majority of this image is the 
carbon dioxide ice reflecting the sunlight to 
create the silver colour, but the shallow pits in 
the ice create a ‘Swiss cheese terrain’. le 

However, and as you can probably agree, it's 

the largest pit in the top right of the image that 
is the most thought-provoking - it isn't the same 
type of pit that causes the Swiss cheese terrain{” 
observations reveal that it is likely to be an 

_S impact crater or a pit that has collapsed. 
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James Webb spends 
its summer in the 
cooling chamber 


The James Webb Space Telescope (JWST) is getting 
prepared to have a freezing summer, as it undergoes 
important tests in the giant thermal vacuum chamber at 
NASA's Johnson Space Center at Houston, Texas, United 
States. In space, the telescope must be kept extremely 
cold, so that it’s sensitive enough to detect the infrared 
light from faint and very distant objects. 

When the JWST enters Chamber A, the giant thermal 
vacuum chamber will reach extraordinarily cold 
temperatures, plummeting as low at -234 degrees Celsius 
(39 Kelvin). This environment will test the instruments and 
optics of the telescopes to ensure there are no problems 
when it's operational in space. 
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__ The cosmic trio - 


This spectacular three-gigapixel image shows two 

famous nebulae, along with a lesser-known gas 

cloud, marvellously illuminating the sky. Captured #- 

by the European Southern Observatory's Chile- 

based VLT Survey Telescope, the Omega Nebula ~ 
_ (Messier 17) can be seen at the top of the image, ¢ ; 

while the Eagle Nebula (Messier 16) resides atthe * 
“centre of the shot. , 

However, there's another complex cloud Of 
gas and dust that unassumingly completes the 
picture at the bottom of the image; a faint, red 


gas cloud called Sharpless 2-54, withthe open ~*~ . a : ; % ’ Orion's development 


star cluster NGC 6604-accompanying it. These j 3 mn 
stellar nurseries continuously create stars, which ' ae 

then go on toilluminate the cence gas. ene, continues 

? ; The Orion spacecraft will bring space exploration to a whole 
new level, with NASA planning to launch this module by 2020 
in our efforts to send humans to Mars. In this image, taken at 

, Airbus in Bremen, Germany, you can see the genuine article, 

‘  . Buy which will supply electricity, water, oxygen and nitrogen, 

“a : propulsion and temperature control. 

The tests (inset) for Orion have also already begun, with 
engineers testing the launch abort system at the Promontory, 
the Utah facility of manufacturer Orbital ATK. Engineers tested 
the abort motor for Orion's launch abort system, firing the 
five-metre tall motor for five seconds towards the sky and 
producing enough thrust to lift 66 SUVs off the ground. “The 
. , ‘ launch abort system is an important part of making sure our 

crew members stay safe on the launch pad and on their way to 
space,” says Robert Decoursey, manager for the abort system. 


Settlers at La Silla 


Before the European Southern Observatory (ESO)'s telescopes were 

e r erected at the Atacama Desert, it was a vast, dry and inhospitable land. 
“ This wasn't always the case however as, once upon a time, there was more 
rainfall and a much more varied abundance of flowers. This was the home 
to many generations, with settlers appearing around the 8th century and 
ending relatively recently in the 16th century due to the Spanish conquest. 

The rock art, known as petroglyphs and shown in this nightscape, are 
scattered around ESO's La Silla site. They are believed to originate from the 


te 


Fd El Molle culture and depict humans and animals, along with geometrical 
figures including rectangles, maze-like designs, circles and circles with rays. 
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Forget Planet 
Nine, tenth world | 


suspected at Solar 


System's edge 


A Mars-like ‘Planet Ten’ may be orbiting 


the Sun, according to new evidence 


“Something as massive as Mars 
would be needed to cause the 
warp that we measured" 


| 


If Planet Ten (pictured right) is 
confirmed, it would orbit in the 
far reaches of the Kuiper Belt 


ESA approves gravitational-wave hunting spacecraft for 2034 


The space agency is embarking on a mission to study ripples in space-time with NASA support 


The hunt for gravitational waves is set 
to truly take off after the European 
Space Agency rubber-stamped plans 
to put an observatory in space. So 
far, two ground-based detectors in 
the United States (called the Laser 
Interferometer Gravitational-wave 
Observatory) have directly observed 
ripples in the fabric of space and time. 
But now ESA has given the green light 
for the Laser Interferometer Space 
Antenna (LISA) mission which will see 
three spacecraft operating in an Earth- 
trailing orbit around the Sun. 
Scheduled for launch by 2034, it has 
been in the planning for a number of 
years. The idea is that the spacecraft 
will be used in a triangular formation, 
2.5 million kilometres (1.5 million 
miles) apart. By beaming powerful 
lasers between each other, they will 
look to detect small changes in the 
distance traveled, an indication of how 
the waves are warping space. “I think 
there's a mixture of super-excitement 
and ‘at last’, Mark McCaughrean, 
ESA’s senior advisor for science and 


12 


An artist's impression of 
the LISA spacecraft, the 
third large mission in 
ESA’s Cosmic Vision plan 


exploration explains. “We're finally 
over the starting line - it's great.” 

In order for the mission to work, 
LISA needs to be highly sensitive so 
that it remains unaffected by particles 
and light from the Sun as well as 
cosmic rays, but the LISA Pathfinder 
technology demonstration mission has 


proved it is more than up to the job. 
By observing from space, it should be 
able to find waves spanning a broad 
spectrum. Up to now, the signals 
detected have been around 100Hz 
and they have been due to a powerful 
collision between black holes many 
hundreds of millions of light years 


away. The discoveries have backed the 
work of theoretical physicist Albert 
Einstein who predicted the presence 
of gravitational waves in 1916 in his 
general theory of relativity. 

"We can actually hear eveything in 
the universe with gravitational waves,” 
adds McCaughrean. 


Planetary scientists have suggested 
that a mysterious mass lurking 
beyond Pluto within the Kuiper Belt 
could actually be the Solar System's 
tenth planet. If true, the so-called 
Planet Ten would be at a distance 
of 60 astronomical units (AU), or 60 
times the distance between Earth and 
the Sun. That would make it closer 
than Planet Nine, which is believed 
to be orbiting our star at a staggering 
700 astronomical units from us. 

Neither planet has been confirmed 
but the latest news is nonetheless 
exciting researchers. According to 
scientists at the University of Arizona; 
the “unseen planetary mass-object” 
is between Mars and-Earth in terms 
of size and its proposed presence has 
beernoted by its apparent effects on 
space rocks in the region. Kat Volk 
and Renu Malhorta say distant Kuiper 
Belt objects (KBO) in the outskirts 
of the Solar System are tilting at a 
greater degree than those further in. 
It points to something that's causing a 
warping of its surroundings with the 
use of its gravitational field. 

“The most likely explanation 
for our results is that there is 
some unseen mass,” says Volk, a 
postdoctoral fellow at the university's 
Lunar and Planetary Laboratory 


Strange ‘butterfly- 
shaped’ nitrogen 
area observed in 
Milky Way 

A star formation disc 

is seen to have more 


nitrogen compounds in 
one area than another 


Astronomers are puzzled that 
a section of a star-forming region 
more than 7,000 light years from 
Earth contains a high concentration 
of nitrogen compounds. With the 
rest of the disc made up of large 
amounts of oxygen-containing and 
sulphur-containing hydrocarbons, an 
international team of astronomers 
believes multiple stars may be forming 
at the same time within one disc. 
What's more, since the nitrogen side 
was also found to be 150 degrees 
warmer, it is suspected that some stars 
are hotter or heavier than others. 

The findings have resulted from 
studies of the star-forming region 
G35.20-0.74N in the Southern 
Hemisphere sky. Researchers Veronica 


(LPL). “According to our calculations, 
something as massive as Mars would 
be needed to cause the warp that 

we measured.” Volk says most KBOs 
have a tilt that averages out as the 
invariable plane but that these outer 
objects are tilting from the invariable 
plane by roughly eight degrees. 

Any suggestions that it may be 
further evidence of Planet Nine - the 
body proposed in early 2016 - has 
been dismissed. “That is too far 
away to influence these Kuiper Belt 


Allen and Floris van der Tak, from 
the University of Groningen and 
the Netherlands Institute for Space 
Research, used the submillimetre 
telescope ALMA - located on the 
Chilean Chajnantor plateau - which is 
able to map molecular clouds in which 
stars begin to form. 

The scientists believe the butterfly- 
shaped disc will separate into smaller 
discs as and when the stars develop. 


objects,” Volk says. “It certainly has to 
be much closer than 100 astronomical 
units to substantially affect the KBOs 
in that range.” That means it would 
have to be a new object and the 

hope is that astronomers will catch a 
glimpse of it when the Large Synoptic 
Survey Telescope (LSST) begins 


studying t 


he night sky in 2020. "We 


expect LSST to bring the number.of 
observed KBOs from currently about 
2,000 to 40,000," says Malhotra, who 


is eager to 


[hey also 
it in real ti 
“Many of t 


poisonous 
er Tak. “ 


he disc wi 


confirm Planet Ten. 


This artist's impression shows the 
universe around the star formation 
area along with an overlay of the 


scientists’ observations 


hope to work out when 
ll break up and observe 
me. Experiments with 


il 
i 
the nitrogen molecules in a lab are 
unfortunately a no-go, however. 


he nitrogen molecules are 
cyanides,” says Prof Van 


‘We do not know much about 
hem because it is dangerous to work 


with those molecules in laboratories 


Earth." 


on planet 


Race 


News 
~ in Brief 


SpaceX launches ten 
new communications 
satellites 

A SpaceX Falcon 9 rocket has lifted 
en communications satellites into 
space from Vandenberg Air Force 
Base, northwest of Los Angeles. 
Blasting off on 25 June, it carried a 
batch of new satellites for Iridium 
Communications and followed the 
aunch of a Bulgarian satellite two 
days earlier where, in both cases, the 
first stage booster successfully came 
back to Earth, landing on a drone 
ship in the Atlantic Ocean. 


Kepler finds more 
Earth-like worlds 
NASA has revealed the Kepler Space 
Telescope mission has discovered 
219 new planet candidates, among 
them ten, rocky, near-Earth-sized 
bodies in the habitable zone of their 
stars - the region where liquid water 
can exist. Kepler has now uncovered 
4,034 candidate planets, including 
50 ‘Earth-like’ worlds, which means 
it has been behind more than 80 per 
cent of all such discoveries. 


Sun's plasma 
jets mystery 
may be solved 
Astronomers have long pondered 
how wild jets of plasma erupt from 
he Sun and send solar material deep 
into space but it appears they are 
getting close to an answer. Computer 
models show magnetic tension 
combined with electrically-charged 
atoms and electrically neutral 
particles above the Sun's surface 
create a slingshot effect. 


“Bright nights” 
puzzle explained 
History is littered with reports of 
nights so light it almost felt like day. 
New research says they were caused 
when nitrogen and oxygen in their 
molecular forms are separated by 
ultraviolet light yet reunite at night, 
releasing energy visible as light. This 
was amplified by an unexpected 
alignment of waves. "This is a new 
approach to the old enigma of what 
makes some night skies so bright," 
says aeronomer Jlirgen Scheer. 
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SpaceX unveils plans to 


uild Martian megacity 


Elon Musk's detailed 
plan to colonise the 
Red Planet has been 
committed to paper 


SpaceX's bold plan to create a self- 
sustaining city on Mars and populate 
it with up to a million humans has 
now been published for all to read. 


~ \ 


CEO of the private space company 
Elon Musk, who gave a talk about the 
plan to allow us to have two planetary 
homes last September, uses the paper 
to discuss the potential costs, the 
proposed reusability of the spacecraft, 
issues surrounding refilling in orbit 
and the right propellant. 

Printed in New Space, the paper 
Making Humans a Multi-Planetary 


Species comes complete with an 
assortment of tables and images. 
These help illustrate the plans to 
eventually send 1,000 or more 
Interplanetary Transport System 
vehicles back and forth, with Musk 
wanting to get a million people to 
Mars in as little as 50 years at a 
proposed cost for each person of 
about $200,000 (£155,961). Even 


An artist's impression of 
humans arriving at Mars, 
the likes of which SpaceX 

hopes to create 


terraforming the planet is discussed. 

“By talking about the SpaceX Mars 
architecture, I want to make Mars 
seem possible - make it seem as 
though it is something that we can 
do in our lifetime,” Musk explains. 
“There really is a way that anyone 
could go if they wanted to.” He also 
discusses potential planet hops from 
Mars to a moon of Jupiter. 


Laser communications terminal heading for the Moon 


High-definition video and virtual reality experiences from the lunar surface could be a possibility 


A ground-breaking deal has been 
struck to operate the first ever laser 
communications terminal on the 
Moon. Space firm Astrobotic, which 
was showcasing its lunar landing at 
the recent Paris Airshow, says its new 
contract with cloud-based satellite 
management company ATLAS Space 
operations will allow the company to 
expand its payload capabilities. 

As well as offering a gigabit per 
second of data - which Astrobotic 
says is a thousand-fold increase of 
bandwidth for its planned lunar 
mission - the deal will mean a strong 
and reliable communications system 
will be available for use between Earth 
and the Moon. 

“Laser communications on the 
Moon will expand payload capabilities 
dramatically, enabling beautiful high- 
definition video, ground breaking 
data-intensive experiments, and 
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even virtual reality experiences from 
the Moon,” says John Thornton, 
CEO of Astrobotic, which plans to 
deliver payloads to the lunar surface 
for governments, universities, non- 
profit organisations, companies 
and individuals. “No doubt this is a 
foundational capability for building 
our future on the Moon.” 

Astrobotic is making great strides 
in its bid to land on the Moon. It 
has partnered with NASA through 
the Lunar Cargo Transportation and 
Landing by Soft Touchdown program 
(Lunar CATALYST) and it was in the 
running for Google's Lunar Xprize 
(although it did not secure a launch 
contract for 2017). The company is 
now hoping for a landing in 2019. 

Sean McDaniel, Astrobotic's CEO, 
says: “To date, communications 
for lunar missions have had no or 
continuity in efforts - until now." 


Astrobotic's wants its 
Peregrine lander to 
touch down on the 

lunar surface. 
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‘Pompom’ stars could 
answer why quasars twinkle 


Filaments of gas surrounding stars may answer a 
30-year old mystery surrounding active galaxies 


Voyager 2 observed both ice giants: 
Uranus (above) and Neptune 


NASA eyes 
mission to Uranus 
and Neptune 
during 2030s 


We've only visited these 
faraway planets once, so 
is it time to go back? 


NASA has set out a case for sending 
a spacecraft to the Solar System's 
outermost confirmed planets, Uranus 
and Neptune between 2022 and 2032. 
There are many questions about the 
ice giants that remain unanswered, 
with co-chair of the science team 
which produced the report, Amy 
Simon, saying: “We do not know how 
’ these planets formed and why they 
It's thought that the : and their moons look the way they do. 
stars are like the Helix ; al. There are fundamental clues as to how 


Nebula (NGC 7293) : our solar system formed and evolved A 

. that can only be found by a detailed 3 

study of one, or preferably both, of g 

Why the distant, ultra-bright active as early as the 1980s - it’s most often Hawaii to PKS 1322-110, it was noted these planets." 8 
galaxies known as quasars sparkle found to be gentle with small, slow that a nearby star was responsible. The study, therefore, has looked & 
could have just been answered when changes in brightness but the target “At that point we realised this quasar at the questions which needed g 
astronomers turned the Common that Walker discovered was found be is very close on the sky to the hot to be addressed and the flight- : 
Scientific and Industrial Research violent, twinkling unpredictably. star Spica,” explains Vikram Ravi at paths, technologies, spacecraft and 5 
Organisation's Compact Array radio Stars twinkle in the night sky when the California Institute of Technology instruments that could be used. & 
telescope in eastern Australia. currents of air in our atmosphere focus (Caltech) in Pasadena. Orbiters, flybys and probes that B 
Dr Mark Walker of Manly and defocus their light and in much The team suggest that every hot could dive into Uranus’ atmosphere Fe 
Astrophysics, Australia, and his team the same way, streams of warm gas star is surrounded by a throng of to help scientists learn more about its 5 
were studying one quasar in particular in interstellar space focus and defocus warm gas filaments, all pointing composition are discussed as potential F 
called PKS 1322-110, which started their radio signals. Until now it was a towards the quasar they affect. “These mission concepts, with researchers . 
to dim and brighten wildly at radio mystery what those streams were and stars could look like the Helix Nebula,” keen to build on the knowledge gained 5 
wavelengths over just a few hours. where they lay, but after turning the says Walker. “Now we'll turn over by Voyager 2, which flew by Neptune @ 
Quasar radio twinkling was recognised 10-metre Keck optical telescopes in every rock to find more signs of them.” and Uranus at speed in the 1980s. 8 
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Apollo 11: The inside story 


It's hard for many in 2017 to comprehend that the three-man crew of Apollo 11 - Neil Armstrong, 
almost 50 years ago, humankind achieved one of Buzz Aldrin and Michael Collins - were facing one of 
the greatest technical feats of all time. Less than the most dramatic spaceflights in history. 
nine years after President Kennedy had set the goal We recall the historic first words said on the lunar 
of landing a man on the surface of the Moon and surface, and the elation of the largest TV audience 
returning him safely to Earth, NASA achieved that in history at that time when they saw those grainy 
most astonishing aim on 20 July 1969. black and white images from the Moon, but there is 
Those intervening years had been a white-knuckle so much more to the story of Apollo 11 that may not 
ride. Beginning with Alan Shepard's 15 minute sub- be as well known. 
orbital Mercury flight in 1961, NASA progressed Their first task, of course, was to leave Earth on 
through a series of milestones in their mission to top of the mighty Saturn V rocket - the tallest, most 
reach the Moon. There was the loss of a Mercury powerful rocket ever built. Many astronauts who 
capsule and the near-drowning of its pilot Gus were propelled into space by the Saturn V describe 
Grissom; John Glenn's re-entry with a retro-rocket it as being a very smooth ride. Neil Armstrong is 
still attached to his Friendship 7 capsule; a slew quoted as saying that while the launch for all those Armstrong waves to well-wishers in the Manned 
of hugely successful Gemini missions including watching on Cocoa Beach or at Cape Canaveral was Spacecraft Operations Building as he, Collins and Aldrin 
one that almost span out of control, potentially deafening, the crew could detect a slight increase in prepare to be transported to Launch Complex 39A 
threatening the life of the astronaut who in 1969 background noise, a lot of shaking, and feeling akin 
would take that first historic step; and then four fully to being onboard a large jet aeroplane on take-off. Yet 
flown Apollo missions, two in low Earth orbit, two as smooth a ride as it was, being on top of that much 
that orbited the Moon and only one to test the full rocket fuel was always a dangerous experience. 
system. NASA had to endure the catastrophic loss “A space mission will never be routine because 
of Grissom and his two crew mates, Edward White you're putting three humans on top of an enormous 
and Roger Chaffee in 1967 in Apollo 1's tragic fire on amount of high explosive,” Gene Kranz, flight director 
the launch pad, but the space agency had resolved to for Apollo 1's lunar landing, told us. If there were any 
carry on, completely redesigning the lunar command nerves, the astronauts weren't feeling it, according 
module and carrying out major changes to the lunar to Buzz Aldrin. “We felt that our survival was in the 
landing module (the LEM as it was known) in that probability of 99 per cent. There were a lot of risks 
short space of time. involved but there were a lot of points to abort the 
Amid triumph and tragedy, on 16 July 1969 NASA mission short of continuing on something risky.” 
was ready to go to the Moon. Yet the trials and Once in space, the command service module had 
tribulations of the previous years were not over and to rotate and dock with the lunar module, which was 


“A space mission will never be routine... a 
youre putting three humans on top of an i Ba, be 
enormous amount of high explosive" oie 


Was Buzz Aldrin 
meant to be the first 
man on the Moon? 


The seating plan in the command 
module. When Buzz Aldrin and Neil 
Armstrong moved to the lunar module, 
it’s thought that the seating plan and 
the position of the entry hatch me@nt 
that Neil Armstrong was better placed 

to exit first and become the first man / £ SS 
on the Moon, rather than Aldrin. ; 
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1 Michael Collins ly 
(command 
* module pilot) 
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2 Buzz Aldrin 
(lunar module pilot) 
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3 Neil Armstrong 
(commander) 
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“Somebody said 
that [me not taking 
pictures of Neil] 
was intentional” 
After returning to Earth, 
hardly any shots of the first 
man on the Moon led Buzz 
Aldrin to be questioned 


It’s said that Aldrin was getting Armstrong back by 
taking no photos of him on the Moon in retribution 
for the latter getting the honour of being the first 

to set foot on the Moon. However, and according to 
Aldrin, he was about to take a picture of Armstrong 
at the flag ceremony when President Nixon called, 
distracting them from the task. “As the sequence 

of lunar operations evolved, Neil had the camera 
most of the time, and the majority of the pictures 
taken on the Moon that include an astronaut are of 
me,” Aldrin states. “It wasn't until we were back on 
Earth and in the Lunar Receiving Laboratory looking 
over the pictures that we realised there were few 
pictures of Neil. My fault perhaps, but we had never 
simulated this during our training.” 

Before his death in 2012, Armstrong defended 
Aldrin, stating: “We didn't spend any time worrying 
about who took what pictures. It didn't occur to me 
that it made any difference, as long as they were 
good... I don't think Buzz had any reason to take my 
picture, and it never occurred to me that he should.” 
“When I got back and someone said, ‘There's 

not any of Neil,’ I thought, ‘What in the hell can 

I do now?’ I felt so bad about that,” says Aldrin. 
“And then to have somebody say that might have 
been intentional... How do you come up with a 
nonconfrontational argument against that?” 
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The lunar module pilot poses for a’ 


two components of the Early Apollo Scientifi i deployed United 

‘A ic hotograph beside the deployee ; 
Experiments Package (EASEP) on the surface of the orton during an Apollo 11 extravehict 
Moon during the Apollo 11 extravehicular activity activity (EVA) on the lunar surface 


embedded in the final S-IVB stage of the Saturn V 
rocket. After the two spacecraft had mated, onwards 
hey flew to the Moon, leaving the S-IVB stage trailing 
in space behind them. 
Some time later, the crew spotted something 
strange outside. A light that appeared to be following 
hem. When Michael Collins used the onboard 
elescope to view it, he couldn't make it out - it 
ooked like a series of ellipses but, when focusing the 
elescope, it seemed L-shaped, but that could have 
just been the way sunlight was glinting off it. 
Reticent to tell mission control in Houston, Texas, 
hat they were being raced to the Moon by a UFO, the 
crew cautiously asked where the S-IVB rocket stage 
was. “A few moments later they came back to us and 
said it was around 6,000 miles away,” recalled Aldrin. 


“We really didn't think we were looking at something 
that far away, so we decided to go to sleep and not 
talk about it any more.” 

Aldrin doesn't believe it was an alien spaceship, 
but that it was more likely the Sun reflecting off one 
of four metal panels that fell away from the rocket 
stage when they docked with the lunar module. 

For almost four days Apollo 11 flew towards the 
Moon, where Armstrong and Aldrin climbed into 
the lunar module - the Eagle - and said goodbye to 
Collins, who was to remain in the command module 
in orbit around the Moon. 

As the Eagle flew around the far side of the Moon, 
things in mission control were growing tense. “There 
was a degree of seriousness in mission control that I 
hadn't even seen in training,” said Kranz. “That was 


“There was a degree of seriousness in 
mission control that I hadn't even seen 
in training” Gene Kranz 


The flight controllers erupt into 
applause as Apollo 11 splashes down 
in the Pacific Ocean on 24 July 1969, 
successfully completing the mission 
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when you realised this was the real deal: today, we 
land on the Moon." 

Almost immediately after separating from the 
command module there were problems. Radio 
communication with the Eagle was sketchy at best 
and they were coming up to the point of no return, 
where the landing could no longer be aborted if 
something was wrong. 

“It was up to me to decide if we had enough 
information to make the go/no-go [decision] and 
continue the descent to the Moon,” said Kranz. So, 
five minutes before the powered descent to the lunar 
surface was due to begin, with radio communication 
cutting in and out, Kranz asked his flight controllers 
o give him their go/no-go based on the last frame 
of data that they saw. They all said “go.” And then 
hings turned from bad to nearly catastrophic. 

The spacecraft’s guidance computer, developed 
at MIT under the auspices of Charles Draper (the lab 
at MIT now bears his name) was a 2MHz system 
that was the first in the world to use integrated 
circuits. Its fixed memory was an ingeniously 
designed ‘Core Rope’, which consisted of a set of 
small hoops that ‘Little Old Ladies’ (as it was referred 
to at the time) along with machines would thread 
the code either through or around the hoops to give 
the computer its 1 or O value. If the MIT code was 
threaded incorrectly, the ‘programmer’ would have to 
laboriously go through the woven cores and debug it. 

When the crew were approaching the Moon for 
the landing, various alarms were triggered by the 
computer. “Whatever information we were looking at 
[disappeared] and instead it gave us the code number 
of the alarm,” said Aldrin. “It was disturbing and 
distracting and we didn't know what it meant.” 

The 1201 and 1202 alarms were obscure codes 
(and in effect the same error) that flashed up as 
Armstrong manually attempted to bring the lunar 
module down. Nobody seemed to know what the 
codes meant, except for two men: Jack Garman, 

a NASA computer engineer who had come across 
the codes before during a practice run, and Steve 
Bales, who was the Apollo guidance officer. The 
alarms were being caused by a problem with the 
landing radar that was stealing precious computing 
cycles, and the throttle control algorithm was 
barely working. The computer's 72kb of memory, 
barely enough to write a sentence in a modern 
word processor, was struggling as commands into 
it overflowed. Garman knew that it was safe to 
continue and allow the computer to handle matters. 
Its priority scheduling routines, which have formed 
some of the basis of a lot of modern code, were 
dumping lower priority tasks in favour of the ones 
critical to the lunar landing. 

As the Eagle approached the surface on automatic, 
Armstrong and Aldrin realised that the scenery 
outside of the window didn't look familiar to 
them. “I think we may be a little long,” commented 
Armstrong, referring to the Eagle having overshot its 
planned landing site. Looming ahead of them inside 
a crater was a dangerous-looking boulder field, and 
coming down on any of those giant rocks the size 
of houses would have damaged or perhaps even 


destroyed the Eagle. Armstrong took manual control, 
using the thrusters to take the Eagle over the boulder 
field. But now fuel was running low and there was 


The huge, 363-feet tall Saturn V rocket carries three 
men towards the Moon from Pad A, Launch Complex 
39, Kennedy Space Center on 16 July 1969 


After a rehearsal mishap when the Lunar Landing 
Research Vehicle exploded, Neil Armstrong floats safely 
to the ground 
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“Apollo 11, Houston. 


— 
Michael Collins, Thirty seconds to loss of 
& Command signal. Both spacecraft 
\ Module Pilot looking good going over 
the hill. Out.” 
Charlie Duke, CAPCOM Michael Collins, 
Command Module 
Pilot 
Michael Collins, - . 
Command Module ee 
Pilot - - et 


Buzz Aldrin, Lunar 
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“Roger, Tranquility. We 
copy you on the ground. 
You got a bunch of guys 
about to turn blue. We're 
breathing again. Thanks 
alot.” 

Charlie Duke, CAPCOM 


Neil Armstrong, Apollo 11 Commander 
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Mission control loses 
contact with Apollo 11 


Alarms, loss of communication and system failures 
plagued the first mission to land on the Moon 


03:04:15:59 
“Apollo 11, Apollo 11, 
this is Houston. Do 
you read? Over.” 


03:04:15:47 
“Apollo 11, Apollo 11, 
this is Houston. Do 
you read? Over.” 


03:04:19:32 

“Apollo 11, this is 
Houston. Are you in the 
process of acquiring 


03:04:17:00 

“Apollo 11, Apollo 11, 
this is Houston. We are 
reading you weakly. 
Go ahead. Over.” 


no turning back. Armstrong had to land the Eagle - 
somewhere, within minutes - or they would be out of 
fuel and crash. 

“We'd never been this close in training,” said Kranz. 
“We started a stopwatch running, with a controller 
calling off seconds of fuel remaining.” 

If things were tense in mission control, onboard 
the Eagle Armstrong and Aldrin had everything 
under control. With only 13 seconds of fuel left 
Apollo 11 made its safe landing in the Sea of 
Tranquillity. History had been made. “Houston, 
tranquility Base here,” Armstrong radioed home. 
“The Eagle has landed.” 

In private, Aldrin took out a small cup, some 
wine and bread and said Holy Communion. The 
wine, under one-sixth Earth gravity, apparently 
curled up in the cup. After reading a section of the 
Gospel of St John, Aldrin said a few words, with 
Armstrong respectfully just looking on. NASA had 
been threatened with legal action by Madalyn O'Hair, 
an atheist, after the crew of Apollo 8 had read from 
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data on the burn? Over.” 


03:04:16:59 
“Houston, Apollo 11. 
Over.” 


03:04:16:11 


03:04:21:37 
“Apollo 11, Apollo 
11, this is Houston. 
How do you read? 


03:04:21:43 
“Reading you loud and 
clear, Houston. How us? 
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The Apollo 11 astronauts, left to right, Neil Armstrong, 
Michael Collins and Edwin “Buzz” Aldrin inside the 
Mobile Quarantine Facility are greeted by President 
Nixon on 24 July 1969 


Inside view of the Apollo 11 lunar module shows 
astronaut Buzz Aldrin during the lunar landing mission, 
an image taken by Neil Armstrong 


“We started a stopwatch running, with 
a controller calling off seconds of fuel 


remaining" 


the book of Genesis, so Aldrin’s heartfelt ceremony 
never made it to the airwaves. Aldrin though has 
always been content in the thought that the first 
food and drink consumed on the lunar surface were 
communion items. 

The original plan had been for the crew to get 
some sleep, but with that much adrenaline pumping 
through their veins that was never going to happen. 
So at 2.39am on the morning of 21 July, Armstrong 
made his way through the hatch and down the 
ladder before stepping foot for the first time on the 
surface of the Moon and saying those immortal 
words, “That's one small step for [a] man, one giant 
leap for mankind.” 


After exiting the lunar module, Armstrong and 
Aldrin only had a few hours to not only collect 
precious rock samples, but also deploy a series 
of experiments on the lunar surface. Solar wind 
experiments, a laser retro-reflector that is still used 
to this day to measure the Earth-Moon distance, 
seismometers, and more were all deployed. 
Armstrong is cited as saying he felt like a five year 
old in a candy store, with not enough time to do all 
the things he wanted to. 

Standing on the Moon must have been an 
incredible experience. Aldrin described the scene 
around him as one of “magnificent desolation,” 
adding that, “You could look at the horizon and see 


very clearly because there was no atmosphere, there 
was no haze or anything.” 

As Armstrong walked around setting up 
instruments and picking up rocks, Aldrin hopped 
around on the surface, testing what the best way 
to move about in the low gravity was. Most of the 
pictures taken during the landing are of Aldrin on 
the surface; barely half a dozen show Armstrong, 
and none clearly. That's because Armstrong had the 
camera for most of the Moon walk. 

While on the surface, the crew also had terrific 
problems with the American flag. It had a telescoping 
boom arm to hold it out in lieu of any wind to hold 

it up. The two crew wrestled to get the boom arm 
to extend fully, but it would not, so the flag had a 
small kink in it. They also found that it was almost 
impossible to get the flag pole to go deep enough into 
the ground and, in the end, they only just managed 
to get it to stay upright. Both of the crew worried it 
would fall over live on TV, and probably as President 
Nixon was on the phone to them. But it remained 
upright during the broadcasts and telephone calls. 

After collecting their rocks and clambering back 
into the lunar module, the crew took off their boots 
and backpacks, and began to throw anything not 
of vital importance back on to the lunar surface. 
This included urine bags, empty food packs, empty 
cameras and so on. But to the crew, they were just 
getting in the way and not needed. 

There was time for one final crisis. The interior of 
the lunar module was cramped and, moving around 
in their bulky spacesuits, one of the astronauts had 
knocked out the switch for the circuit breaker that 
fired the ascent rocket that would take them home. 

This was a real bottleneck moment for the mission. 
“If for some reason the ascent engine didn’t work, 
there was no way to rescue the crew,” said Kranz. 
Armstrong and Aldrin would be stranded on the 
Moon. The concern was so serious that President 
Nixon had a speech prepared, while mission control 
would close down communications with Armstrong 
and Aldrin after a clergyman had “condemned their 
souls to the deepest of the deep.” Without that circuit 
breaker the crew were facing that lonely fate, but 
their training would not have allowed them to give 
up. “Rather than worry about things like that, we'd 
face them when the time came and we'd work as 
hard as we could to fix the problem until our oxygen 
an out,” said Aldrin. 

In the end, the solution was remarkably simple. 
Jabbing the end of a pen into the slot where the 
broken switch had been, Aldrin was able to push 
the circuit breaker in. The ascent rocket fired and 
the two Moon-walkers were on their way home, via 
a rendezvous with Michael Collins in the command 
module. As the Eagle took off, the flag finally did 
blow over, and to this day it lays flattened, bleached 
out by solar radiation. 
Almost 50 years since that first successful landing 
on the Moon, stories still come out, not just from the 
thoughts of the crew, but also the almost 400,000 
others who worked on the mission, from ‘the guy 
sweeping the floor’ at Cape Canaveral, to the flight 
directors and flight controllers still, without whom 
the historic landing may never have happened. With 
our return to the Moon still some way off, these 
stories are all we have for now. 
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Use a felt-tipped pen to 
escape from the Moon 


After a circuit breaker switch broke off in all the too-ing and fro-ing 
in the cramped environment of the lunar module, Buzz Aldrin had 
to improvise in order to escape the Moon 


breaker switch 

Neil Armstrong and Buzz Aldrin were 
gathering themselves into the landing module 
to start the return back to Earth when Aldrin 
noticed something lying on the floor - the circuit 
breaker switch had gotten bumped and had 
broken off. 


ik Astronauts locate broken circuit 


Saved by a felt-tipped pen 


Since the circuit was electrical, sticking his 


finger or anything metal in wasn't possible. 


Instead, Aldrin found a felt-tipped pen in his shirt 
and inserted it into the opening where the circuit 
breaker switch should have been. He moved the 
countdown procedure up by a couple of hours. 


mission control 

This switch needed to activate the ascent 
engine to lift them off the Moon. Telling mission 
control, they tried unsuccessfully to catch some 
sleep but, by the following morning, NASA had no 
solution with Aldrin forced to come up with 
a solution. 


2 Aldrin and Armstrong alert 


Lift off! 
The circuit breaker held, allowing both 


Aldrin and Armstrong to lift off from the 
surface of the Moon and intercept Michael Collins, 
who was in orbit around the Moon. 
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Explerer's Guide 


Triton 


Neptune's largest moon is a puzzling entity that 
has aroused the curiosity of many astronomers 


Neptune's largest moon, Triton, is a body in our Similar to our own Moon, Triton is tidally locked 
Solar System that causes much confusion and to Neptune, meaning that only one side of it faces 
fascination. The one and only flyby observation of Neptune at all times. The surface of Triton is 


Triton took place on 25 August 1989, when Voyager 2 _—_ extraordinarily cold too, at -235 degrees Celsius 
photographed it while on its journey through the gas = (391 degrees Fahrenheit) - this is because most 


giants. The images seen by the scientists provoked of the Sun's rays are reflected rather than 
much curiosity, and almost 30 years later there is still _ absorbed. As for the atmosphere, it appears 
no clear explanation of what was found. to be extremely thin, consisting mainly of 


Some of the things we do know is that itis roughly nitrogen with signs of carbon monoxide 
three quarters of the size of our Moon, and also orbits and methane. This atmosphere is thought 


Neptune at a distance of over 330,000 kilometres to be the result of ice on the surface 
(205,000 miles). These aspects of Triton’s orbit are evaporating. So it would be hard to live 
fairly typical, but the peculiarity of this moon is its on this planet with no atmosphere and 
retrograde orbit - it is the only large moon in the extremely cold environment. 

Solar System to travel in an opposite direction to its The moon also appears to be 
planet's rotation. This could be a sign that this moon geologically active with an interior 
didn't form with the planet, but instead was caught ocean. The primary sign for this is the 
by the planet's gravity and was trapped. There is a relatively young surface, as it indicates 
theory that Triton was originally from the Kuiper the presence of cryovolcanic activity 
belt, as it has many similar features to Pluto. replenishing the surface. 


How to get there 


® 2. Gravity assist ® 3. Heading for Jupiter ® 4. Solar System 
manoeuvre The spacecraft will now use slingshots 
Once prepared, the its propulsion to adjust its On reaching the Jovian 
manned shuttle will be fired course and set off toward planet, it will now use a 
into space, where it will the king of the Solar System, gravity assist manoeuvre 
complete a flyby of Earth. Jupiter. around Jupiter to change 
This flyby will accelerate the its trajectory and increase 
shuttle without using any acceleration. The same will 
fuel, which is also called a happen at Saturn and Uranus 
gravity assist. if they're properly aligned. 


® 1. Preparing for the 5. Landing on Triton @ 


journey The spacecraft arrives 

This journey to Triton will at Neptune and uses 

take at least 10 years, the planet for a gravity . 
so it is important to assist, but this time to ee 
take necessary supplies reduce the spacecraft's : 
and fuel. For maximum velocity. Once aligned 

fuel efficiency, supplies with Triton, a controlled 


should be limited. landing can commence. 


With a diameter of 2,700 kilometres 
(1,700 miles), Triton is Neptune's largest 
moon, and also the seventh largest 
moon in the Solar System. 
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How far is Triton? 


The distance between Triton and Neptune is negligible when compared to 
the distance of Earth and Neptune. So at the closest approach, Neptune and 
Triton will be 4.3 billion kilometres (2.7 billion miles) from Earth. 


Triton That's roughly equivalent Earth 
< to a marble and a tennis > 
ball placed 60km apart! 
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Top sights to see on Triton 


Triton is a body of mystery - its extraordinarily cold 
surface, coupled with its plate tectonics, creates 

a unique landscape. The surface is primarily icy 
nitrogen, but the crust is mostly made up of water 
ice. It is what goes on within this crust that moulds 
the surface to what we see. 

Almost half of the surface is covered ina 
‘cantaloupe’ terrain, because of its resemblance to 
the skin of the melon of the same name. This terrain 
is primarily covered in icy volcanoes, mounds and 
geysers separated by cracks in the surface - also 
known as ‘Triton’s Sulci’ - creating an almost jigsaw 
puzzle-like effect on the moon. This is caused by 
the moon's proximity to Neptune, which leads to a 
process called ‘tidal heating’ that takes place under 
the crust. The gravity of Neptune basically warms 


‘Cantaloupe’ terrain 

The combination of a rugged, volcanic area, separated 
by ‘Sulci’, creates this ‘cantaloupe’ terrain - named after 
the resemblance to the skin of the cantaloupe melon. 


the contents of Triton, and puts pressure on the 
surface that sculpts the landscape. This is similar to 
how our Moon ‘pulls’ the Earth to create tidal waves, 
but on a much more intense scale. This tidal heating 
creates a lot of pressure under the crust, which then 
erupts, expelling icy methane, nitrogen and carbon 
monoxide into the atmosphere and land. This 
terrain is the evidence that Triton undergoes strong 
geological activity. 

It's this constant motion of Triton’s mantle that 
pulls the crust apart, producing the cracks that we 
can see. This is much like the plate tectonics on 
Earth, but it's much more noticeable on Triton. This 
geological activity that creates such a rough terrain, 
also keeps it young. The sign of a young surface is 
the lack of impact craters. Throughout the early ages 


The three strange Maculae 

Akupara, Kikimora and Zin are unusual depressions on 
the surface, with a brightened halo around them. The 
cause for such a feature is unknown. 


of the Solar System, there were numerous impacts 
with comets and asteroids, but Triton shows barely 
any such evidence. So if you're looking for a rare 
sight on your visit to Triton, go and check out an 
impact crater, but try not to be hit by erupting ice. 

If maculae are more your thing, then just before 
the polar cap surface there are three mysterious dark 
spots. These dark spots are called Akupara, Kikimora 
and Zin Maculae, and are depressions in the surface 
that are not reflective, hence the darkness. However, 
the area surrounding the depressions is much more 
reflective than the normal surface, which begs the 
question whether the material was thrown up from 
the depressions. Whether this is due to an impact 
with a celestial body, or a complex geological event, 
is uncertain, but it is definitely worth a visit. 


Craters 

Due to the surface of Triton being continuously 
replenished, there are few craters. The ones that are 
present are considered to be relatively young. 


Triton 
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Triton orbits Neptune at a distance of 
‘ 330,000km, and completes one orbit every 
uM 5.9 Earth days. Triton has a ‘retrograde’ 
; orbit, meaning the natural satellite's orbit is 
a opposite to Neptune's spin. Also, Triton is 
4 tidally locked to Neptune, so that only one 
4 side of Triton is facing Neptune at all times. 


Sun -—~ 


1 Triton day = 5.9 Earth days 
1 Triton year = 5.9 Earth days 


Triton in numbers titers weather 


Inclination of 
Triton’s orbit relative Time taken in Earth years for 
1) Neptune's equator a season to occur on Triton 
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Atmospheric pressure of Triton, whereas Earth's atmospheric pressure is 1 bar 


Average surface temperature in Celsius 


Time 
taken in 
Earth days 
id for Triton 
® 


to orbit 
Neptune 
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Year discovered by British Gravitational strength of 
astronomer, William Lassell Triton relative to Earth 
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=r rs at bring Finstein’s theories into question 


Written by Colin Stuart 
As the Sun sets over a dormant volcano, the domes a remarkable purple patch for theoretical physics. 
of two of the world's biggest telescopes are thrown Revolutions in our understanding led to the 
into silhouette. Night falls and they slowly open, development of quantum physics and Einstein's 
revealing the cutting-edge technology inside. Their general theory of relativity - the two pillars on 
two ten-metre mirrors drink in ancient light falling . which modern physics is built. One that describes 
_——— to Earth from the centre of the Milky Way, which the very small, the other the very big. 
— arches like a dusty rainbow from one horizon to the But a cynic might say that everything that’s 
- other. But what exactly are the twin telescopes of - _—séhapppened since has been window dressing. There's - 
)bservatory looking for more than 4,000. been much to sing about, for sure. Not least the 
mn Hawaii’ S. etc Kea? The simple : discovery of gravitational waves in 2015. But these 
were first predicted by Einstein in 1915. Finding 
4 ; ‘There’ 'S a running joke among p sicists that _ __ them was only confirmation of a very old idea. Even 
— othing has really changed for more than a “tracking down the Higgs boson was something of 
hundred years. The early 20th century witnessed a box-ticking exercise. Everyone expected it to be 
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a explain many .c theauniverse’s mysteries 


Fifth force of the universe 
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At the centre of our 
galaxy's central bulge is a 
supermassive black hole 


a 


/ there. Not being able to find it would arguably have 
been more interesting. 
But why do we need new physics in the first 
place? Well, because when it comes to some of the 


fi , universe's biggest mysteries the old guard just don't 
f, cut it. Our best picture of how the universe works 
j is the Standard Model. It's our cookbook for the 


*j , cosmos. It contains all the ingredients - the forces 
iff _ and particles - needed to rustle up everything 
around you from the atoms in this page to the light 
reflecting off it. The Higgs boson, for example, is the 
__ ingredient that gives everything mass. 
f Yet for almost as long as relativity has been 
around there's been a cosmic conundrum which 
/ seemingly defies the Standard Model. “There's 
now definitive evidence that the Standard Model 
isn't complete,” says Susan Gardner, a theoretical 
physicist from the University of Kentucky. The bind 
is that there doesn't appear to be enough stuff in 
space to account for the amount of gravity we see. 
Stars in galaxies are moving too fast to be held in 
place if the galaxy is only made up of the visible 
stuff. So astronomers have suggested there must 


be something else lurking in the shadows that 
provides additional gravity but still remains out of 
sight: dark matter. 

The problem is that there's nothing in the 
Standard Model that behaves in this way. “We 
don't really know how to fix it,” says Gardner. The 
traditional solution has been to suggest that dark 
matter is made of particles beyond the Standard 
Model. For years physicists have tried to sniff out 
evidence of these new particles in places such as 
the Large Hadron Collider at CERN near Geneva in 
Switzerland. Yet so far all searches have come up 
empty. “If we don't find something in the next few 
years then I think people will start to go off the 
idea,” says Justin Read, a dark matter expert from 
the University of Surrey. 
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Some physicists have already starting jumping” 
ship by proposing a radical new idea: we don't need 
a new particle - we need a new force. The Standard 
Model describes four fundamental forces - gravity 
and the electromagnetic force, plus the strong and 
weak nuclear forces. But gravity has always been 
the oddball. For starters it is considerably weaker 
than any of the other forces. What's more, physicists 
know that the other three forces all have associated 
bosons - force-carrying particles that are exchanged 
between two objects experiencing that force. But 
we're yet to find these gravitons - the hypothetical 
boson for gravity. 

For now our best picture of gravity is provided 
by Einstein's theory of general relativity. And so far 
it has passed every test with flying colours - not 


“There's now definitive evidence 
that the Standard Model isn't complete” 


Susan Gardner, University of Kentucky 


Some previous ‘discoveries’ at the Large Hadron Collider 
have turned out to be statistical blips 
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The four forces of the cosmos | 
Currently these fundamental interactions are accepted to govern the universe 


Gravitational force 


Keeping the planets in orbit 

Gravity forms the planets, stars, moons in our universe and is responsible for 
the gravitational pull of the Sun keeping the planets in motion around it. The 
planets of the Solar System appear to be orbiting the centre of the Sun, but the 
Sun and planets all orbit a shared centre of mass. Planets with enough mass 
can develop orbiting moons or rings of debris. 


Weak nuclear force 


Protons into neutrons 

When two protons collide and fuse, a disruption in the weak nuclear force 
causes a positron and a neutrino to be released. This ultimately converts one 
of the positively charged protons into a neutrally charged neutron. Without the 
weak nuclear force converting protons into neutrons, nuclei cannot form. 
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imbalance of protons 
and neutrons, so the Making energy 
weak nuclear force The relentless crushing 
converts protons to of gravity creates 


neutrons to release 
radiation. 


temperatures and 
pressure capable of 
generating light. Gravity 
allows stars to burn for 
millions of years. 


Strong nuclear force 


Binding protons in atomic nuclei 
Naturally, positively charged particles tend to repel each 
other and it takes an extreme amount of force to hold protons 
together. The strong nuclear force overcomes the repulsion 
between protons to hold together atomic nuclei. 


Electromagnetic force 


Making atoms and molecules 
The electromagnetic force pulls negatively charged electrons 

into bound orbits around positively charged nuclei to create 

atoms and molecules. During the cooling of the gas, electrons find 

their way around atomic nuclei. It is the larger nuclei with a greater 
positive charge that pull in more electrons until the atoms and molecules 
have balanced charges. 


Let there be light ? 

When negative electrons interact with 

positive protons, the electromagnetic 

force adds energy to the electron 

generating a photon. Light is made up 

of photons - the bosons responsible for : 
carrying the electromagnetic force. 


Breaking the bonds 

If you can break the bonds 

of the strong nuclear force 
then huge amounts of energy 
can be liberated. This energy 

is released as gamma rays 

and neutrinos when the 

strong nuclear force is broken 
between protons and neutrons. 
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Was Einstein wrong: 
So far general relativity has passed every test. 
But that might be about to change 


: oe 

‘The geometrical 
es e e 
interpretation of gravity 
According to Einstein, gravity isn't really a force. 
It is a distortion of space-time that occurs around 
any massive body - for example, and in the case 
of our Sun, space-time is like a rubber sheet being 
bent by a weight placed in its centre. Even light 
curves when passing close to a massive object. An 
effect that was observed in 1919, confirming the 
general theory of relativity. 


Inescapable @ a 


black holes 

A black hole is space- 
time so warped that 
not even light can 
escape the curvature. 


O 


least the recent discovery of gravitational waves. But 
there's a catch. “So far a lot of the tests have been 
done on scales where the gravity is not that strong,” 
says Tuan Do from the University of California, 
Los Angeles (UCLA). Many physicists have long 
suspected that general relativity might break down 
under greater stress. If Einstein's landmark work 
is only an approximation to a more fundamental 
underlying theory, that might explain why we end 
up puzzled when we try to apply his ideas to the 
rotation of galaxies. Dark matter would then be a 
figment of our collective cosmic imagination - the 
result of using the wrong rules in the wrong place 
and coming up with the wrong picture. 

But how do you prove that Einstein's general 
relativity doesn't always cut it? You look to places 
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® Apparent 
position of star 


The equivalence 
principle 


Einstein said that gravity and a force caused by 

a constant acceleration are indistinguishable. 

For example, take a man inside a lift that is 
accelerating upwards at a constant rate. The 
forces he experiences, from his feet pressing 

on the floor, and the way objects fall are 
indistinguishable from those produced by gravity. 


® Real position of star 


Why we orbit ® 
The Earth is following the straightest 
possible path through space-time - 
that just happens to be curved. 
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“So far a lot of the tests have been done on 
scales where the gravity is not that strong” 


Tuan Do, University of California 


where gravity is particularly extreme and hope to 
see it crack. That's exactly what the Keck telescopes 
are being used for on Mauna Kea. Tuan Do is part 
of a team of astronomers from UCLA that has been 
studying the gargantuan 4 million solar mass black 
hole at the centre of the Milky Way since the mid 
1990s. The group, led by Andrea Ghez, has been 
mapping out the orbits of stars buzzing close to this 
behemoth. So far they have seen two stars - SO2 


and SO-38 - make complete orbits around the black 
hole. Back in May they published their latest results 
and compared the real orbits of these stars to those 
Einstein's work predicts. The theory stood up to the 
test - this time. But it certainly isn't game over for 
Ghez and her team. 

Next year SO-2 will get as close to the black 
hole as it ever gets on its 16-year orbit - a point 
where it will experience the strongest pull from its 


happens when you have very strong gravity in a 
very small area,” says Do. Even if we see nothing 
unexpected, there is another star that has the 
potential to be even more useful - SO-102. “It's on 
an 11-year orbit, but it is a lot fainter than SO-0O2,” 
says Do. That means it is much harder to make the 
precise measurements necessary to test general 
relativity. Future telescopes, not least the 30-metre 
European Extremely Large Telescope (E-ELT) 
currently under construction, will certainly help. 
Any chink in Einstein's armour and we might have a 
revolution on our hands. 

This isn't the first time astronomers have looked 
for evidence of a fifth fundamental force to explain 
a cosmic conundrum. Dark matter has an even 
more elusive cousin called dark energy. In 1998, two 
teams of astronomers made a remarkable discovery 
- the expansion of the universe is speeding up. That 
was completely counter to the received wisdom, 
which argued that the expansion should be slowing 
down as the collective gravity of galaxies applied the 
brakes over time. 

There are two main schools of thought when 
it comes to explaining this puzzling finding. 

Either there is some additional energy hiding in 
the universe that acts as a form of anti-gravity, or 
Einstein's theory of general relativity doesn't apply 
to the cosmos on the biggest length scales. If it's 
the latter then there may be a fifth force at work. 
In order to test this idea, back in 2012 a team of 
astronomers led by Bhuvnesh Jain at the University 
of Pennsylvania looked for any evidence of general 
relativity breaking down in 25 of the nearest 
galaxies to us. But they found nothing to suggest 
Einstein was wrong. 

However, there is another, non-astronomical way 
to approach the problem of a fifth fundamental 
force - look for its associated boson. And it may have 
already been found. Back in April 2015, a Hungarian 
team of researchers at the Institute for Nuclear 
Research in Debrecen reported some unusual 
results. They were firing protons at a target made 
of lithium-7 and analysing the resulting cascade of 
particles in search of a ‘dark photon’ - an invisible 
counterpart to the photon (the boson that carries the 
electromagnetic force). Such a particle could explain 
dark matter. They didn't find it, but they did find 
something else among the sub-atomic shrapnel that 
the Standard Model cannot explain: an apparent 
super-light particle never seen before. It was only 34 
times heavier than an electron. 

Now, physicists are a cautious bunch and it takes 
a lot to get them to sit up and take notice. After all, 
just last year a potential new particle discovered at 
the Large Hadron Collider - which some thought 
might be the elusive graviton - turned out to be 
nothing more than a statistical blip in the data. 

So the Hungarian team were understandably 
understated. “They didn't claim an exotic 
explanation outright - but they did mention in their 
paper the possibility of an exotic interpretation,” 
says Susan Gardner. She was part of a team led by 
Jonathan Feng at the University of California, Irvine 
(UCI) who ran with the idea that this discovery 
could be something revolutionary. Their own 


The mirrors in the telescopes at the Keck Observatory 
are some of the biggest in the world 


Since the mid 1990s astronomers have mapped out 
stars orbiting the black hole 


“If we don't find something in the next few 
years then I think people will start to go 
off the idea” Justin Read, University of Surrey 
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A fifth force could also shed light on what 
happened at the birth of our universe 


analysis suggested it's a boson - a force carrying 
particle - and it's been given the placeholder name 
‘protophobic X boson’ (or X boson for short). 
What force is it responsible for carrying? 
It certainly isn't one of the conventional four 
fundamental forces. Could it be the much sought- 
after fifth? It's too early to make that claim 
definitively, but according to Gardner it “redirects 
perspective to an area that's been overlooked”. 
Namely looking at dark matter as not related to a 
" new particle but linked to a new force. The crucial 
_nNext step is to repeat the experiment in light of 
‘Feng's team's new analysis and see if the new 
* particle remains and doesn't fade into statistical 
_ obscurity as happened at the LHC. Gardner told 
/ All About Space that several teams in the US are 
currently looking to do just that. According to Justin 
if Read that's sorely needed. “The Hungarian team 
MW Fs have cried wolf quite a lot,” he says. “They've had 
___ reports of new bosons in 2008, 2012 and 2015, all of 
which went away.” 
of But if this one sticks then we could be perched on 
the precipice of the first major revolution in physics 
for over 100 years. A glimpse of something beyond 
either Einstein's so far bulletproof theory of general 
relativity or some new force beyond the equally 
resilient Standard Model. That might point the way 
to the holy grail of physics - a unified theory of 
/ everything, one that ushers gravity in from the cold 
and allows it to be described by the same set of rules 
as the other three. And that's a big deal, particularly 
when it comes to black holes. A black hole is a pretty 
unique object that starts off big and ends up small. 
But relativity doesn't factor in any of the quantum 
tules of the very small and nor can quantum 
theory describe gravity. “There must be a more 
complete underlying theory,” says Do. Finding a fifth 
fundamental force could offer tantalising clues about 
what this underlying theory could look like. 

What's more, black holes are not the only 
place where strong gravity appears in a space 
small enough for quantum theory to matter. The 
conventional picture of the Big Bang has our 
universe beginning as a very small, very hot point 
that expanded outwards to become the universe 
we see today. So a quantum theory of gravity might 
provide invaluable insights into our origins. 

Finding a fifth fundamental force would be 
revolutionary, not just because it might show up 
holes in general relativity, but because it might show 
us how to unite it with quantum theory. In doing 
so we might be able to solve some of the universe's 
greatest mysteries, from where it came from to 
what's at the bottom of a black hole. 


“The Hungarian 
team have cried 
wolf... with reports 
of new bosons in 
2008, 2012 and 
2015" Justin Read 
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Our expanding 


Is the universe's expansion 


Accelerating 
expansion 


Present @ 


Slowing 
expansion 


Big Bang @ 


because of a fifth fundamental force? 


universe 
speeding up 
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Have we solved the 


Wow! 
SIGNAL? 


For 40 years, astronomers have sought to explain a 
mysterious one-off ‘alien’ signal but has the recent media 
frenzy signalled that we are now close to an answer? 


Written by David Crookes 


Wow! signal 


On 15 August 1977, the Big Ear radio telescope at 
Ohio State University scanned the night sky. There 
was nothing unusual about this. Turned on for the 
first time in 1963, the telescope had long been used 
to search for extraterrestrial radio signals, churning 
out reams of computer printouts via an IBM 1130 
mainframe computer that would then be looked at 
in fine detail by the observatory's astronomers. 
Each time someone so much as glanced at one 
of the jam-packed pieces of paper, they hoped to 
see something significant: evidence, no matter 
how small, that life may be out there. So when 
astronomer Jerry Ehman studied the data taken 


from that warm summer's night a few days later, he 
was startled. Staring at him in a vertical line was the 
baffling sequence of numbers and letters “6EQUIJS”. 
“Wow” he wrote, highlighting the sequence with a 
circle of red ink. 

Since then, there has been much debate over the 
source of the signal. We know for certain that it was 
detected as it passed across the telescope's field of 
view at 10.16pm EST that day and we know it was 
coming from a grouping of stars called Chi Sagittarii. 
We understand that it lasted for 72 seconds - and 
that it has never been detected since, not even in the 
weeks following the original discovery. 


“IT started to explore the Wow! signal four 
years ago and my findings are hurting the 


This sequence of letters 
and numbers showed 
the successive intensities 
of the detected signal 


40 


feelings of a lot of people” Prof antonio Paris 


The North American Astrophysical 
Observatory’s Big Ear radio 
telescope, which detected the 
Wow! signal on 15 August 1977 


Perhaps most crucially, the frequency of this 
one-off signal was also very close to what is known 
as the 21-centimetre line, or hydrogen line. This is 
important because back in the 1960s and 1970s, 
it had been hypothesised that extraterrestrials 
looking to communicate would most likely use the 
most abundant element in the universe, hydrogen. 
This emits a radio frequency of 1,420MHz which is 
exactly what was picked up by Big Ear. 

“So when this signal was detected at 1,420MHz, 
which indicated hydrogen being present in a part 
of the sky that had always been known to be quiet, 
it was like, ‘oh my god, it must be aliens',” says 
Antonio Paris, an adjunct professor at St Petersburg 
College in Florida. It explains why the ‘Wow! 
signal’, as it quickly became known, has long been 
associated with the possibility that it was sent 
by extraterrestrial life. That it was discovered in 
the same year as the Hollywood releases of Close 
Encounters Of The Third Kind and Star Wars was 
simply a delicious coincidence. 

By the mid 1980s, astronomers were coming 
to the conclusion that it was most likely caused 
by a natural phenomena that had simply been 
undetectable. “But by then it had already become 
part of folklore and legend, and it had become 
hijacked by the science fiction community which 
has shaped it as evidence of life,” Professor Paris tells 
us. This, he says, had made life a little more difficult 
for astronomers looking to get to the bottom of what 
may have happened. “I started to explore the Wow! 
signal myself four years ago and my recent findings 
are hurting the feelings of a lot of people,” he says. 

And indeed they are. In January 2016, Professor 
Paris hit the headlines when he claimed the signal 
may have been caused by a passing comet that 
astronomers had yet to spot and catalogue. He 
pinpointed two potentials: 266P/Christensen, which 
was discovered in 2006, and 335P/Gibbs, which was 
spotted a couple of years later. These, he said, were 
moving through Chi Sagittarii on that memorable 
day in August 40 years ago. To test whether they 
were giving off signals that could match Wow!, 
Professor Paris vowed to point a telescope at them 
when they passed Earth in January of this year. 

Since his theory relies on comets releasing a lot 
of hydrogen when they orbit around the Sun (a 
cloud of gas being emitted when the frozen water 
is broken up by ultraviolet light), he hoped to be 
able to pick up a 1,420MHz signal in the spot where 
the Wow! signal was detected by Big Ear. Like the 
original telescope, he focused on a certain spot in 
the night sky. “We pointed a ten-metre telescope 
at 266P/Christensen on various occasions and the 
response was 1,420MHz, which is what we have 
reported,” says Paris, who published a paper in the 
Journal of the Washington Academy of Sciences 
detailing just that in June this year. 

Almost immediately, other astronomers sought 
to dismiss the findings. Dr Seth Shostak, a senior 
astronomer at the SETI Institute which leads the 
way in the search for extraterrestrial life, claimed 
the comet hypothesis does not work. Much rests on 
the fact that a single 72-second signal is all that was 
ever detected in 1977. 

“There are many reasons but one that I personally 
think is strong is to consider that the Ohio State 
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“Before we hit that send button on our 
paper, I told my staff to be ready for lots 
of criticism” Prof Antonio Paris 


radio telescope [the official name for Big Ear] had the comet so we will get a continuous signal and 
two feed horns - essentially two receivers,” he tells that will answer a lot of questions.” 
All About Space. “It would observe whatever it Someone who is sure to be interested in the 
was pointed at twice, separated by 70 seconds. The answers is Chris Lintott, professor of astrophysics 
Wow! signal was found the first time but it was not at Oxford University. Like all astronomers, he 
seen the second time. I worked the numbers, and is aware that there have been numerous failed 
unsurprisingly there was no way that the comet attempts to re-detect the Wow! signal and that any 
could have moved across the sky far enough to be claim to suddenly find an answer will always be 
out of the field of view of the second feed in just greeted with scepticism. So far, devices much more 
over a minute.” sensitive than Big Ear have only ever picked up faint 
Professor Paris sticks by his findings, claiming he sources of radio emissions that are certainly nothing 
always knew they would be attacked. “Before we of the intensity of Wow!. What then, does Professor 
hit that send button on our paper, I told my staff to Lintott make of the claim that comets are potentially 
be ready for lots of criticism,” he says. He vows to to ‘blame’? 
repeat the experiment but do it slightly differently “Using drift scanning, the object should have 
next time. Rather than employ drift scanning which traversed the field of view in about five minutes 
meant their ten-metre telescope in Florida remained but the signals he sees last for about 45 seconds 
fixed while the object moved, “our next experiment so they're not coming from an object traversing Dr Seth Shostak has long been involved in the search 
will have the telescope move at the same speed as the main beam,” he tells us. “There is also a claim for extraterrestrial life 
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Wow! signal 


The X-Files television 
show referenced the 
Wow! signal, cementing 
its legendary status 


“There are journals 
and there are 
journals... this 
journal doesn't 
publish much 
astronomy” Prof Chris Lintott 


of neutral hydrogen around the comet at the 
21-centimetre line and I don't believe that detection 
is really of the comet he is pointing the telescope 
at. If comets were as bright as he claims in the 
21-centimetre line, they'd be picked up by large 
surveys of the sky that have been done for many 
decades. But we just don't see them.” 

Still, Professor Paris, a former analyst of the US 
Department of Defense, insists he has covered as 
many bases as possible. He initially approached the 
Wow! signal as if he was revisiting a crime scene, 
looking closely at astronomical databases for clues as 
to what could have caused the signal. “We have tried 
to debunk the theory as much as possible,” he tells 
us, having attempted to eliminate lines of enquiry. 

He has also split his investigations into three 
parts. “The first was the hypothesis, the second was 
finding the culprit which we think is comets now, 
and the third is to look at how is it possible that 
these comets are not doing what they are supposed 
to be doing.” In other words, he will seek to discover 
why astronomers have never detected hydrogen 
emission from comets before. “We will look back up 
at the sky in January 2018 and the focus will be on 
how is it possible that 1,420MHz can be detected 
from a comet,” he says. 

It's something Alan Fitzsimmons, an astronomer 
at Queen's University Belfast, would no doubt like to 
see too. He has said the 266P/Christensen displays 
little activity when it is at its closest point to the 
Sun - its perihelion. “There would have been no 
hydrogen coma to detect,” he is quoted as saying. So 
what did Professor Paris see? 

“This is not about what Antonio Paris saw or 
what Antonio Paris believes, it is what the telescope 
was telling us,” he says. “[We used] an old NASA 
telescope that was refurbished with thousands of 
dollars, and the engineers who built it for us are 
professionals and they are standing by those results 
too. So it’s not like [it is] something we pulled out of 
our butts and wrote a paper [on].” 

Even so, many astronomers remain to be 
convinced and there are also questions being asked 
of the journal in which the findings appeared. “I'd 
say there are journals and there are journals and 
what I know about this journal is that it doesn't 
publish much astronomy,” says Professor Lintott. 
“My guess is this wasn't reviewed by an expert 
in radioastronomy or comets, and the reaction of 
astronomers when they have seen it online has been 
pretty negative. If Paris submitted this work to one 
of the mainstream journals, then the community 
would have given good feedback and we'd have 
helped him develop a better experiment.” 


Could a comet really 

be the source of the 
signal which has baffled 
astronomers for so long? 


Wow! signal 


Professor Chris Lintott doesn't believe claims a comet 
caused the Wow! signal are valid 


This image shows the approximate location of the 
Wow! signal detected in 1977 


Again, Professor Paris is able to explain and 
defend. “It was peer reviewed,” he insists. “The 
journal is well-respected, with Nobel Prize winners. 
The objection is that an astronomy paper did not 
go through the usual channels but I did that for 
a reason. The American Astronomical Society, of 
which I'm a member, is limited in scope: there are 
fewer than 5,000 members. So if I put a paper in 
the normal channels, I would expect 2,000 people 
would read it and it would be barely noticed in 
the media. But with the power of the internet and 
social media I can circumvent that. I have 220,000 
followers on Twitter that I can reach out to and I 
can get an unbelievable response. It worked because 
I had 30,000 downloads of this paper which would 
never have happened if it was buried among 
other papers.” 

With that in mind, it is likely the final paper will 
also end up outside of the mainstream astronomical 
journals as Paris prepares to push ahead with his 
third stage of investigation. “What is important right 
now is how many comets can emit a 1420MHz 
source: is it a handful of comets or all of them?” 
he asks. “And that is a new subject, looking at how 
these comets differ from each other. We'll have the 
final paper published in 2019 and it will answer 
some of the critics’ questions.” 


“The basic problem in science, is that if you 


see a Strange phenomenon only once, it’s 
hard to say much about it” pr seth shostax 


In the meantime, explanations remain up in the 
air, just as they have for four decades, which means 
other possibilities for the signal such as gamma-ray 
bursts or potential radio interference remain on the 
table. “The Ohio State folks I talked to about this 
long ago figured it was just terrestrial interference,” 
says Dr Shostak. “The basic problem in science, is 
that if you see a strange phenomenon only once, it's 
hard to say much about it. It could be many things, 
but it’s not legitimate to call it an alien signal.” 

Although that would disappoint some - “everyone 
wants it to be an alien. Of course you want it to be 
an alien,” laughs Professor Lintott - Professor Paris's 
experiments may, at the very least, eliminate a 
theory. “In some sense, he has carried out a good 
experiment,” Professor Lintott tells us. “You could 
think of every other possible explanation for the 
signal and test them too.” 

What, though, if Professor Paris is right? “It would 
change our understanding of comets,” says Professor 


Lintott. And if he is wrong? He is already receiving 
hate mail about his paper - “They are from the 
UFO community and I can't respond to those,” says 
Professor Paris. Would he regret even exploring this 
phenomena? “No,” he counters, promising that he 
would be more than happy to throw up his arms 
and admit to being wrong if that was indeed the 
case. “There's nothing wrong about being wrong, I'm 
not getting emotional about it,” he says. Instead, he'd 
be more than pleased that his investigations have 
made an impact. 

“The theory has been getting criticism but I 
think that is the whole purpose of any science,” he 
explains. “To spark questions that eventually lead to 
more science. But I think we are at the point where 
there has been a lot of discussion about whether the 
comet could be the culprit or not, so the intention of 
the paper has been a success. It has opened the door 
to a mystery that has been dormant for a long time.” 
Whether it stays that way remains to be seen. 
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On 20 August 1977, a Titan-Centaur rocket blasted 
off from Cape Canaveral carrying NASA's Voyager 
2 spacecraft. A little over two weeks later, Voyager 
1 joined its twin on a mission to explore the Solar 
System. Forty years later, both craft are still boldly 
’ going where no spacecraft has gone before. 

The Voyager mission, dubbed the ‘Grand Tour’, 
was designed to take advantage of an alignment of 
the Solar System's outer planets - Jupiter, Saturn, 
Uranus and Neptune - that-takes place only once 
every 175 years. The alignment would allow the 
spacecraft to harness the gravity of each planet - 
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swinging from one body to the next - gaining speed 
without expending vast amounts of fuel. 
Despite launching later, Voyager 1 overtook its 


sibling in the asteroid belt between Mars and Jupiter. 


By November 1980, Voyager 1 had completed its 
primary mission of visiting Jupiter and Saturn 

and, using the ringed-giant'’s gravity it set a course 
for interstellar space. Lagging behind, Voyager 

2 continued on to study Uranus and Neptune - 
arriving at Neptune in 1989. The first spacecraft to 
visit the outer planets, Voyager 2's mission revealed 
a surprising cosmic neighbourhood. Neptune, so far 


they now? 
Voyager 1: 

Distance from Earth: 

138 AU - 20.6 billion kilometres 
Current speed: 62,140 km/h 


Voyager 2: 

Distance from Earth: 

113.9 AU - 17 billion kilometres 
Current speed: 57,890 km/h 


from the Sun's energy and thought to be cold and 
quiet, was found to be a maelstrom of atmospheric 
turbulence; and moons, thought to be dead, were 
found to be churning with geologic activity. 

By this point, both spacecraft, which were 
designed to last just five years, were well out of their 
warranties, but still they continued on. Today, four 
decades after they launched, more than 17 billion 
kilometres from Earth, and with many of their 
systems shut down to conserve energy, both craft 
have the Solar System in their rear-view mirrors and 
are cruising toward interstellar space. 


AO years of Voyager 


March 1979 (V1), July 1979 (V2) 


£ 


Jupiter's turbulent atmosphere 

and Great Red Spot 

Distance from Earth: 650 million km 

Distance from Jupiter: 348,890km 

(V1 closest approach) 

Voyager 1 began its Jupiter observation phase in 

January 1979, Voyager 2 arrived four months later. 

13 Feb 1979 They re\ i Jupiter's atmosphere to be a gaseous 

Close companions maelstrom - with dozens of hurricane-like storms 
630 million km interacting throughout the plane aded cloud 

20 million km ystems. The gas giant's famous ‘Great Red Spot’ 
Image of Jupiter and two of its closest moons, Wi ywn to be a complex storm moving in a 


fo (left) and Europa (right), captured by Voyager 1 counterclockwise direction 


5 March 1979 (V1), 


9 July 1979 (V2) ane, = 
* aos terrain i, 
The hidden 
oceans of Europa 
18 Sept 1977 Lane 
205,720km 


Home sweet home 

11.7 million km 
The first ever image of the Earth and the Moon 
captured in a single frame, taken by Voyager 1. 


(V2 closest approach) 

The first images sent back 
by Voyager 1 of Jupiter's 
sixth moon, Europa, 
showed a number of 


intriguing linear features, i - 
resembling surface oan 
cracks, that intersected 
the moon's surface. Later, 
hi-resolution photographs Icy crust 
taken from much closer ) 
by Voyager 2, revealed a 
surface almost entirely Ocean 
bereft of impact craters = (liquid 
suggesting that some sort water) 
of internal process, such 
as icy volcanic flows from Rocky 
a subterranean ocean, Was mantle 
actively erasing them, 

Iron core 

ks 


Markings on the 
surface (lineae) 
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AO years of Voyager 


March 1979 (V1), July 1979 (V2) 


Jupiter's delicate system 
of rings 

Distance from Jupiter: 348,890km 
(V1 closest approach) 

Although by far the most famous, 
Saturn is not the only gas giant with 
aring system. As it skirted past 
Jupiter (stealing a bit of momentum 
from its gravitational field as it did 
so), Voyager 1 detected a delicate 
system of dusty rings - thought to 
be created by dust kicked into space 
by impacts on its small moons. 


5 March 1979 (V1), 9 July 1979 (V2) 


The most volcanic body in 
the Solar System 

20,570 km 
(V1 closest approach) 
Perhaps the most unexpected discovery 
to be made at Jupiter was evidence of 
active volcanism on the gas giamt's fifth 
moon, Io. Until Voyager I's flyby (and 
Voyager 2's, three months later), Earth 
was thought to be the only actively 


volcanic body in the’Solar System. During 


their brief encounters, the two Voyagers 
observed nine eruptions on Io - spewing 
sulphur as high as 300km from the 
moon's surface. [o's torus, a thick ring of 
ionised sulphur and oxygen shed by the 
moon, was found to inflate the king of 
the Solar System's giant magnetic field. 


\ 


Plasma torus 


Orbit of lo 
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November 1980 (V1), August 1981 (V2) 


The complex beauty of Saturn's rings 
Distance from Saturn: 161,000km (V2 closest approach) 
Distance from Earth: 1.3 billion km 

The Voyager spacecraft provided the first close-up look 

at the gas giant's icy rings. The images they sent home 
revealed a complex system of waves and fine structures 
caused by the tug of nearby moons. Instead of the six 
visible from Earth, scientists counted over 100 separate 
rings. They also discovered small ‘shepherd’ moons whose 
gravitational influence stabilises and herds the rings. 


Magneticaxis 


v Wee 
+ ‘ , SS 


Rotational axis 


| \ 
y 
Pal 


12 November 1980 (V1), 
25 August 1981 (V2) 


The blanketing clouds of Titan 
Distance from Titan: 6,490km (V1 closest approach) 
For centuries, Titan's thick, opaque atmosphere had 
vas the Solar System's largest 
moon (hence its name), but Voyager's measurements 


scientists believing it v 


showed the moon to be slightly smaller than 
Jupiter's Ganymede. Its dense atmosphere still 
prevented Voyager from seeing the moon's surface, 
but measurements of its composition showed 

that it may px 


own atmosphi 


to Earth's 
llions of years ago. It also led 


a similar chemistry 


to speculation that there may be lakes of liquid 
hydrocarbons on its surface 


Magnetic field 


Jupiter 


: 


lonised atoms 
swept ahead of 
lo by Jupiter's 
magnetic field 


© Tobias Roetsch 


High-gain Antenna 
A 3.66-metre parabolic 
dish used to receive 
commands and send 
data back to Earth. 


Voyager's 
equipment 


Radioisotope 
Thermoelectric Generator 
Voyager's power source. It contains 
pellets of plutonium dioxide that 
release heat as they decay. This 
heat is converted into electricity. 


Planetary Radio 
and Plasma Wave 
Antenna ‘Bus’ Housing 
The PRA listens for radio Electronics 


signals produced by the 
Sun and planets. The 
PWA ‘listens’ for plasma 
oscillations caused by 


Voyager's body. A ten-sided 
box, 1.8 metres across, that 
contains some scientific 
instruments, electronics and 


bs" 


AO years of Voyager 


Cosmic Ray Subsystem 
= Detects high-energy cosmic 


/ / A\ i \ 


rays and particles emitted 
from planets like Jupiter. 


Low-energy Charged 
Particle Detector 
Detects low-energy 
particles. Used to study 
solar flares, cosmic rays, 
and planetary energy. 


Optical Calibration 
Target and Radiator 
The OCT is a metal plate 
fixed to the spacecraft 
used by the cameras and 
detectors for calibration. 
The radiator vents 


Photopolarimeter 

A camera, equipped witha 
0.2m telescope, used to take 
high-resolution photographs. 


Infrared Spectrometer 
and Radiometer 
Actually three instruments. 
Used to detect heat, light, 
and chemical compounds. 


Ultraviolet Spectrometer 


This detects ultraviolet 


light. It is used to study a 


energetic events. a fuel tank for the thrusters. 


4 Aug 1982 


Lord of the rings 
1.3 billion km 


Saturn and three of its moons, Tethys, 
Dione and Rhea, taken when Voyager was 
still 21 million km from the ringed planet. 


excess heat into space. planet's atmosphere. 


24 January 1986 (V2) 


The ‘strangest’ moon in the 

Solar System 

Distance from Miranda: 31,000 km 

(V2 closest approach) 

As well as discovering 11 previously unknown 
Uranian moons, Voyager 2 also revealed the 
innermost of Uranus’ moons, Miranda, to be one of 
the strangest bodies in the Solar System. Voyager's 
images showed that the moon's surface is scarred by 
huge 20 kilometre-deep canyons, which suggest that 
the moon may have been torn apart in its past and 
then reformed from the shattered remains. 
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AO years of Voyager 


The instructions side 
This side contains 
instructions explaining how 
to play the record's audio 
and extract the images. 


Overhead diagram 

of the record 

Shows the alien how to correctly 
place the stylus. Binary code 
explains the record's playback 
speed (3.6 seconds per rotation). 


How to view the images 
Wavelength diagrams illustrate how 
the images are made up of analogue 
video signals. Binary explains each 
scan lasts eight milliseconds. 


Voyager's 
Golden Record 


On the off-chance that the Voyagers ; : 

encountered aliens during their extended Side-view of the record 
travels, both craft are equipped with ~~ Binary code shows that the record 
eee 22-inch phonograph = takes one hour to playback. 


records for ET to decode Direction of scan 


The playback side 
This side contains 
the images and audio 


\ MW i ' fy 


S 


Diagram showing the direction 
the images should be scanned. 
Binary code explains each 

| image is made up of 512 lines. 


recording for the alien to ™ *. TR PT 
playback and decode. She N Sample image 
—— | If successful, the first 
. t image extracted should 
Sights of Earth y > i sett this one. 
Encoded along with the ' ~ 
audio are 115 pictures We ~ | How to find Earth 
of Earth, Ub Solar A map showing the 
System an yattous location of 14 pulsars 
plants and animals. relative to Earth (centre). 
Binary code gives the 
Sounds of Earth frequency of each pulsar. 
Along with a selection of 
music, there are greetings in \ Hydrogen diagram 


55 languages and sounds from 
nature - including a brief hello 
from some humpback whales. 


24 January 1986 (V2) 


Uranus’ ‘twisted’ magnetism 
Distance from Uranus: 107,000km 

(V2 closest approach) 

Distance from Earth: 3 billion km 

While Vo\ headed out int 1 


space, Vo r 2 continuec y 
tour by visiting the ‘lop-sided’ ice giant, 
Uranus, which is tilted on its axis by 98 
degrees. Voyager 2 discovered that this 
sideways tilt has a very strange effect on 
the planet's magnetic field - twisting it 
into a sort of corkscrew shape that trails 
some 10 million km behind the planet. 


24 January 1986 
Scarred Miranda 


4.6 billion km 


The deep scars and varied terrain on Uranus’ moon, Miranda, 
suggests a complex, and possibly violent, geologic history. 


Shows the two lowest states of a hydrogen 
atom. The transition time between states 
is used to decode the images on record. 


25 Jan 1986 


Goodbye, Uranus 

3 billion km 
A farewell shot of a crescent 
Uranus taken by Voyager 2, from 
a distance of 965,000km, as it 
departed for Neptune. 


25 August 1989 (V2) 


Neptune's ‘Great Dark Spot’ 
Distance from Neptune: 4,950km 

(V2 closest approach) 

Distance from Earth: 4.6 billion km 

Voyager 2 gave humanity its first glimpse of 
Neptune and its moon Triton. It discovered the 
‘Great Dark Spot’ - a large dark blue smudge 
the size of Earth. At first thought to be a large 
cloud, the spot was actually a storm system 
similar to Jupiter's Red Spot, whose 2,400km/h 
winds carved a hole in Neptune's methane 
cloud deck - revealing the darker blue beneath 


25 August 1989 


The coldest moon 

4.3 billion km 
Triton is Neptune’s largest moon and, 
at -235°C, boasts on of the coldest 
surfaces in the Solar System. 


40 years of Voyager 


14 February 1990 
The Pale Blue Dot 


6 billion km 
‘A mote of dust suspended on a sunbeam’. The tiny blue dot, less 
than 0.12 pixels in size, is Earth as it appeared to Voyager 1 as it 
looked back on the Solar System from over 6 billion km away. 


17 December 2004 (V1) 


Voyager 1 crosses into the 
‘final frontier’ 

Distance from Earth: 94AU (14 billion km) 
Voyager | crossed the ‘termination shock’ 
- the region of space that marks the 
beginning of the end of the Sun's sphere 
of influence. At the termination shock, the 
solar wind (a stream of electrically charged 
particles flowing out from the Sun) drops 
from speeds over one million miles an 
hour. It then begins its journey through 
the heliosheath. Voyager 2 would pass this 
milestone in August 2007. 


3 
4O years of Voyager 
a 
ger 1 
A 
f Heliosphere 
: : 
Heliosheath _— 
Termination 
\ shock 
SS 
Voyager 2 25 August 2012 (V1) 
: Voyager 1 passes into interstellar space 
. 121 AU (18 billion km) 
¢e a Voyager 1 crossed the ‘heliopause’, which marks the 
Bow shock end of the heliosheath - the last region of space to be 


Heliopause 


What's next 
for Voyager? 


Voyager's radioactive power packs 

will continue to provide power 

until about 2025. Until then (by 

which time Voyager is expected 

to be about 22.6 billion kilometres 

from home), they will continue 

to send data about the interstellar 

environment back to Earth. 

Voyager's scientists have high Ed Stone 

hopes that the Voyagers still have VOYAGER PROJECT SCIENTIST 
discoveries hidden up their sleeves. "We hope to learn more about the Milky Way galaxy: 


what its magnetic field is like and the interstellar 
wind that has come from near supernovae and the 
intensity of the cosmic radiation. We expect Voyager 
2, because it's in a different place, will reveal a 
different perspective on the interaction between our 
Sun and the interstellar wind.” 


The craft will carry on cruising long after t hav 
40,000 years, it will pass within 1.6 light years of t 


dominated by the Sun's magnetic field, where the solar 
wind crashes into the thin gases between the stars. It 
becomes the first man-made object to leave the Solar 
System and travel into interstellar space 


FUTURE 


Suzy Dodd 

VOYAGER PROJECT MANAGER 

“Having a spacecraft built to last four years now 
embarking on its fifth decade is incredible. Voyager 
has been a mission of discovery. It continues to be 
a mission of discovery even in interstellar space. 
What we are learning about what is beyond our 
heliosphere is akin to being just over the horizon of 
an infinite ocean.” 


e stopped talking to Earth and, in about 
he star AC+79 3888 in the constellation 


Camelopardalis. It's just a shame they won't be able to tell us what they see out there 
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HARRISON TELESCOPES 


www.harrisontelescopes.co.uk 


01322 403407 Mon-Sat 


SAFE SOLAR ECLIPSE GLASSES £2.50 
SOLAR BINOCULARS & SOLAR FILTERS 


SMARTPHONE CAMERA 


ADAPTERS 
FOR TELESCOPES “Qt 
FROM £33 


TELESCOPES & BINOCULARS 
SKYWATCHER CELESTRON MEADE BAADER 
BRESSER LUNT EXPLORE-SCIENTIFIC ALTAIR 

APM STARLIGHT-INSTRUMENTS HELIOS 

CORONADO FUJIYAMA BERLEBACH 


THE UK TELESCOPE SPECIALISTS 


i 4 shop 


Large aperture 
high-quality mirror 
low price 


£340.00 


8" Advanced Dobsonian 

» Ready to go: complete telescope plus 
accessories 

» Lightweight 8 inch optics (203mm) 
with parabolic mirror 

» Brand new friction system for simple 
balancing of heavy eyepieces 

» Precision focusing: ball-bearing 
Crayford focuser 


48730 Q 


he product number ir 


Also avaiable in following sizes 


50124 £270.00 
0 ps0 


megon 6" Advanced Dobsonian 


50125 £530.00 
Omegon 10° Advanced Donsonian 


www.Astroshop.co.uk 


» All brands 

» 3,000 sqm of storage 
area, many items 
immediately available 

» Personal advice locally, 

on the phone and by 

e-mail 

Superb after-purchase 

service 

» Own workshop 
including optical bench 


L 
a 


hop.co.uk is a section 


more inf jut ou Tpany at www fmax ¢ 
Prices are subject to change and errc are exceptec 


The cream always rises to the top, and these 12 
candidates were chosen from a record-breakin 
18,300 applications to become. the futur 


in Houston, Texas, in August to begin their intensive 
two-year training scheme. - 

NASA welcomed US Vice President 
Mike Pence for the unveiling with a 
tour of the International Space Station 
(ISS) Mission Control Center and the famous 
mission control room used for multiple NASA 
spaceflights, including the Apollo Moon landings 
- with Apollo 11 most probably the inspiring” ——S 
memory for the 2017 class. 

Along with being presented with a model of the 
ISS and a framed US flag, which has been flown to 
and from the space station, Vice President Pence 
also delivered an enthusiastic speech for the 
astronauts, NASA members and everyone else who 
was in attendance. 

“These are 12 men and women whose personal 
excellence and whose personal courage will carry 
our nation to even greater heights of discovery 
and who I know will inspire our children and our 
grandchildren every bit as much as your forebears 
have done so in this storied American program,” 
announced the vice president. “And to this newest 
class of astronauts, it's my honour to bring the 
sincere congratulations of the 45th President of the 
United States of America, President Donald Trump. 
Your President is proud of you, and so am I.” 

Once they have completed their intensive training 
program, the adventures will really begin. Their 
future responsibilities will include departing for 
deep space missions, which include NASA's Orion 
spacecraft and the Space Launch System rocket. 
They may also be launched by commercial company 
spacecrafts when they travel to the ISS to conduct 
vital research. 

“We look forward to the energy and talent of 
these astronauts fuelling our exciting future of 
discovery,” acting NASA administrator Robert 
Lightfoot said. “Between expanding the crew on 
board the space station to conduct more research 
than ever before, and making preparations to send 
humans farther into space than we've ever been, we 
are going to keep them busy. These candidates are 
an important addition to the NASA family and the 
nation’s human spaceflight team.” 
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Zena Cardman 
Cardman has 
experience of 
expeditions 


including NASA's 


Jasmin 
Moghbeli 

US Marine 

Major Moghbeli 
has several 
qualifications 

in aerospace 
engineering and is 
a graduate of the 
US Naval Test Pilot 
School. She will 
provide a valuable 
skill set for all the 
spacecrafts that 
will be launched. 


“| With that skil 


Dr Jonny Kim 
Dr Kim is a 
physician in 


a Navy SEAL. 


Dr Francisco 
Rubio 

Dr Rubio 
graduated from 
the US Military 
Academy and 
is currently a 


Matthew 
Dominick 
Dominick has a 
BSc in electrical 
engineering 

and a master's 

in systems 
engineering. 

As a lieutenant 
commander with 
the US Navy, he 
offers a variety of 
qualities tailored 
for the arduous 
tasks ahead. 


Warren Hoburg 
Hoburg has a 
bachelor’s degree 
in aeronautics 

and astronautics, 
and a doctorate 

in electrical 
engineering and 
computer science. 
Hoburg is also a 
private pilot and 
has gained vital 
experience in 
wilderness search 
and rescue efforts. 


Robb Kulin 
Kulin has a BSc 

in mechanical 
engineering, 

2 master’s in 
materials science as 
well as a doctorate 
in engineering. 

He has worked 

as an ice driller in 
Antarctica, while he 
was also in charge 
of the Launch Chief 
Engineering group 
for SpaceX, 


Kayla Barron 
Lieutenant Barron 
graduated from 
the US Naval 
Academy with a 
degree in systems 
engineering and a 
master’s in nuclear 
engineering. 

She has a strong 
STEM (Science, 
Technology, 
Engineering and 
Mathematics) 
background. 


Bob Hines 

Bob Hines has 

a bachelor’s 

and master's 

in aerospace 
engineering. He 
also spent 18 years 
serving the US Air 
Force and Air Force 
Reserves, but for 
the last five years; 
he has been a NASA 
research pilot based 
at the Johnson 
Space Cefiter. 


Raja Chari 

A Lieutenant 
Colonel! for the 
US Air Force, 
Chari has a BSc 

in astronautical 
engineering arid 
engineering 
science as well as 
a master's degree 
in aeronautics and 
astronautics. He 
graduated from” 
the US Naval Test 
Pilot School. 
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How did interstellar travel become a concept? 


General relativity 
Einstein shows that 
space and time form a 
complex curved shape, 
which is determined by 
the amount of energy 
and matter in it. 


Casimir effect 

Dutch physicist Hendrik 
Casimir predicts that 
negative energy might 
create a force between two 
metal plates. 50 years later, 
this force is measured. 


Warp bubbles 

Mexican physicist Miguel 
Alcubierre publishes a paper 
suggesting that a spaceship 
could travel faster than light 
by distorting the fabric of 
space-time around it. 
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How close can a mission get 
to the Sun before it’s destroyed? 


Marie Cannon 

The Sun produces copious amounts 
of harmful radiation, and as you get 
closer, the environment will become 
more and more dangerous. As for how 
close we can get is uncertain, but we 
have high hopes for NASA's Parker 


Solar Probe that launches in 2018. The 
unmanned probe will hopefully reach 
a distance of 0.04 AU or astronomical 
units (1 AU is the distance between 
the Earth and the Sun). 

This distance will be within 
Mercury's orbit of the Sun. The Parker 


Worm holes 

The possibility of 
creating a worm hole 
that you could use to 
travel across the universe 
is suggested by Kip 
Thorne and Mike Morris. 


c 


Voyager 1 

Spacecraft becomes the 
z first man-made object to 

leave the Solar System. 

But it is travelling 

too slowly to cross 

interstellar distances. 


1994 2012 Future 
Warp engines 
i Na We need several 
G.. major technological 
. A 
advances to happen 
before Alcubierre’s © 


The closer we get 
to the Sun the 
more dangerous 
conditions 
become 


Solar Probe will experience high- 
intensity electrons, alpha particles and 
ultraviolet radiation without being 
destroyed. The closest approach to the 
Sun so far was made by unmanned 
spacecraft Helios 2, which got to 
within 0.3 AU of the Sun in 1976. LC 


drive could be 
made a reality. 


Venus and Mercury are the easiest planets 
to see in the morning and evening 


Are all of the planets 
visible in the morning 
and evening? 


Beverley Lane 

Not all the planets are visible in the 
morning and evening. In fact, not all 
the planets are visible to the naked 
eye. Telescopes or binoculars must be 
used to see Uranus and Neptune. The 
others can be seen in the evening or 
morning depending on their position 
relative to the Earth and Sun. Venus 
and Mercury can often be seen in 

the evening and morning skies. They 
are often referred to as morning or 
evening stars as they appear around 
sunrise and sunset. Their positions 

in the Solar System mean they 
regularly appear close to the Sun and 
rise and fall with it in the sky. Quite 
surprisingly, Mars and Jupiter are also 
bright enough that they can be spotted 
in the daytime sky if the alignments 
are good. These two can be a little 
harder to see, however. TM 
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Gary Neville 


Old stars @* 
Only older stars 
survive for long 
enough to move 
beyond spiral arms. . 


Stellar newborns @ 

Bright open clusters 
emerge from nebulae 
behind density wave. 
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Emission nebulae 
mark sites where 
new stars are born. 


Star-forming gas and dust 
are. concentrated as they 
enter the density wave... 


Chinese lanterns are one of the most 
commonly mistaken objects for UFOs 


What could 
explain UFOs? 


Yasmin Gill 

There are many naturally occurring 
events and artificial objects people 
report as sightings of aliens, or 
unidentified flying objects (UFOs). 
Naturally occurring events like 
lenticular clouds and mirages are often 
reported as sightings of strange objects. 
Even ball lightning has been reported 
as potential UFOs. But it isn’t just 
natural events that people mistake for 
flying saucers, many artificial objects 
have also been confused. These objects 
range from small aircraft to satellites 
but one of the most common culprits 
is the Chinese lantern. As these objects 
flicker, causing irregular flashing light, 
they can be caught by breezes and 
currents resulting in erratic movement. 
Launches of these often result in 
increased reports of UFO sightings. JB 
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How do galaxies get spiral arms? 


Ignition @ Pile up @ 


The Solar System would 
have a problem if the 
atmospheres of the gas 
giants were stripped away 


Questions to... @@spaceanswers f /AllAboutSpaceMagazine @ space@spaceanswers.com 


® Density wave 
Density wave rotates 
relatively slowly 
around galaxy, 
retaining spiral shape. 


NG ® Disc material 
. Stars and gas 
orbit at different 
speeds depending 
on their distance 
from galactic hub. 


2 SOLAR SYSTEM 


What would 
happen if all of 
the gas planets’ 
atmospheres were 
stripped away? 


Keith Astley 

If an event stripped away most of a gas 
planet's atmosphere we'd be in trouble. 
It would take a large event to rid the 
giant planets of most of their mass, 
which could have profound effects 

on the dynamics of the Solar System. 
In terms of the planets themselves 

it is uncertain. Under our current 
understanding all four of the giant 
planets are believed to have a small 
solid core. The rest of the planets are 
believed to be a large gaseous layer and 
a large liquid layer. However, this liquid 
layer is likely only in a liquid state due 
to the pressure from the gas above. If 
the gas layer was stripped away, the 
liquid layer would likely boil away. For 
this to happen something would need 
to give these layers enough energy to 
exceed the pull of the planet's gravity 
in order to strip them away. TM 
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Do the Southern Hemisphere constellations 


move into the Northern Hemisphere? 


Marie Cannon 

Constellations do indeed appear to 
drift between the two hemispheres. 
This is caused by the tilt of the Earth's 
axis. The Earth is tilted over by 23.5 
degrees, as it orbits around the Sun 

he direction stays pointing roughly 
he same direction, but there is a 
slight wobble called precession. As 

we venture round our orbit it means 
hat our view of the celestial sphere 
alters as well. This means that we see 
different constellations at different 
imes. Some of these constellations 
can appear to move hemisphere for 
your viewing location. For example, 
here in the UK we can only see 
Scorpio during the summer months, 
for the rest of the year it disappears 
below the horizon. Technically the 
constellations are not actually moving, 
it is simply the movement of the 
Earth that is adjusting how we are 
viewing the sky. SA 
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Height: 1.93m (76in) 
Nationality: American 
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113 
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Richard Hieb 
Height: 1.91m (75in) 
Nationality: 
American 
Mission(s): STS-39, 
STS-49, STS-65 


The constellation of Scorpio 
can only be viewed during 
the summer in the UK 


The Sun would have been surrounded 
by a protoplanetary disc after it formed 


@’. SOLAR SYSTEM 


What did the Sun 
look like when it 
was born? 


Harold Jones 
The moment the Sun started fusing 
and was ‘born’ it probably looked 
fairly similar to how it looks now. One 
major difference is that rather than 
being surrounded by planets the new 
star would have been surrounded by 
a disc of dust and gas. We call this 
a protoplanetary disc, which is the 
material left over after the star has 
formed. As the star begins to shine the 
outburst of energy pushes this disc 
clear of the centre star. It then usually 
swirls around the star slowly forming 
clumps that go on to become planets, 
. asteroids and the other objects we find 
| in other planetary systems. SA 


Nancy 
Currie-Gregg 
Height: 152cm 
(60in) 
Nationality: American 
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(74in) 
Nationality: American 
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Scott 
Parazynski 
Height: 1.88m (74in) 
Nationality: American 
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Where does space begin? 


There's no sharp dividing line between the atmosphere and space. 
Here's how we work out when one ends and the other begins 


There's been a rash of amateur weather balloon 
projects recently that the general press describe : : 
breathlessly as ‘in space’; they aren't by any common Satellites a. Fal 
definition, but as far as humans are concerned, it / Ss 
is very similar. The trouble is that there isn't a ‘top’ Aurorae 
to the atmosphere, it doesn't have a surface like 
the sea but instead fades away exponentially into | ad 
interplanetary space. So, starting from the ground, ; oa e a 
what are the stepping stones to space? 

Approximately 83 per cent of the Earth's ” 
atmosphere is in the first 8 to 14 kilometre altitude 
- this is called the troposphere and is where the 
majority of weather happens. The temperature drops 
from an average 15 degrees Celsius at sea level to 
-50 degrees Celsius at the top of the troposphere. 
Jet airliners fly here because they are more efficient 
in the thin air and can pass over the worst of the 36 kilometres 
weather; but we'd need a full pressure suit to survive 
outside at that height. Conventional military jets 


ground-launched aircraft, 
(and Concorde in the past) mostly top out around 18 a us set by Major Robert Smith 
— : 
\ \ Ozone layer 
Rot fei 


ee ee wen ew wn: 


Noctilucent clouds 


Unofficial record for a 


kilometres - the next step are the balloons. in ajet-rocket hybrid 
Weather balloons are small thin plastic balloons —_—— Lockheed NF104 in 1963. 
launched to collect atmospheric data. They have 
been used by amateur projects to capture pictures 
of a black sky and the curve of the Earth. They start 
off at ground level as a small bubble of helium at 41 kilometres 
one end of the balloon, which gradually expands to Human balloon flight 
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Polar orbiting 
satellites 


Space shuttle 
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108 kilometres 
The highest of two 
X15 flights made by 
Joe Walker that did 
pass the international 
boundary of space. 


SD 
7 \ 


400 kilometres 
Average height at which the 
International Space Station 
orbits, given its size it still 
T needs periodic propulsion to 
overcome atmospheric drag. 


100 kilometres or 62 miles 
Internationally recognised 
boundary of space based upon 
the Karman line, where flight 
speed exceeds orbital speed. 


80 kilometres or 50 miles 
USAF definition of space 


112 kilometres 
Height reached by 
Brian Binnie in the 

XPRIZE-winning 


SpaceShipOne in 2004. 
P P Meteors 
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- ISEVERYTHING \, 4 
WE KNOW ABOUT \a 


JUPITER ' 


The early results of the Juno mission have shown a far more 
complex side to the king of the Solar System than first thought 


Written by Lee Cavendish 


é 


Juno at Jupiter 


On 5 August 2011, the Atlas V 551 rocket launches 
from the Cape Canaveral Air Force Station, Florida, 
United States. After 54 minutes spent reaching 
approximately 260 kilometres, the Atlas V 551 
separates from its tip, returning safely back to Earth. 
Blossoming at its perigee, Juno majestically erupts 
and sets its sights for the Jovian king, Jupiter. 

After five years of a lengthy, lonely voyage, Juno 
arrived at its destination. Back on Earth, on 5 July 
2016, the Juno team controlled the space probe into 
Jupiter's orbit, leading to celebrations at the Space 
Flight Operations Facility at the Jet Propulsion 
Laboratory in Pasadena, California, United States. 
Thus began a new era of Jupiter observations, with 
Juno delving into the unknown state of the planet. 
Dr John Connerney, deputy principal investigator 
of the Juno mission, tells All About Space what 

heir aims for Juno are: “The primary focus of the 
mission is to understand Jupiter's interior as a means 
of testing theories of Solar System formation, the 
formation and evolution of planets about our star. 

For this we designed the gravity, magnetic fields, and 
microwave radiometer investigations, three means of 
probing deep inside Jupiter.’ 
Originally, Juno was supposed to complete a 

4-day orbit around the gas giant. Unfortunately, 

due to issues with the engine burns, it is now ina 
53-day orbit. This turned out to be a blessing; because 
of this engine problem, Juno had to be placed in a 
much longer and elongated orbit. Although the Juno 
scientists grew impatient for data in this orbit, it gave 
hem more time to study Jupiter. This has meant 
more data has been collected, allowing the scientists 
o study Jupiter in much more detail, including the 
geometry and magnetosphere much further away 
from the planet. As a result of this elongated orbit, 
Juno swoops from its north pole to the south pole in 
he space of a few hours; a sequence of events known 
as a ‘Perijove pass’. In this time, Juno's instruments 
get to work, collecting whatever data they can during 
hese short hours before it's whisked away again for 
another 52 days. There were 12 planned science orbits 
in total. On 19 May 2017 Juno completed its sixth 
Perijove, and recently completed its seventh on 11 
July 2017. 
Early studies have yielded some fantastic 
esults, and it turns out that Jupiter is a much more 
complex, elusive planet than first thought. With new 
information ranging from its sizeable magnetosphere 
0 its deep interior, this Jovian king has baffled 
astronomers worldwide. Members of the public have 
been able to see the progress of Juno throughou 
he mission too, thanks to the JunoCam. With the 
spacecraft orbiting just 4,200 kilometres above 
Jupiter's surface during its Perijove pass, JunoCam 
has been able to capture some fantastic images, 
giving astronomy enthusiasts worldwide the chance 
O get creative by emphasising the gaseous mayhem 
visible on the surface. The most famous image 
captured so far is of the south pole, which shows a 
plain of storms and cyclones, some the size of Earth. 
Members of the public have created a visual 
masterpiece by enhancing the bluish hue of the 
pole, highlighting the cyclones. This is just one of 
he things that astronomers were not expecting, and 
now they have to ask themselves more questions. 
“We're puzzled as to how they could be formed, how 
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Juno at Jupiter 


stable the configuration is, and why Jupiter's north 
pole doesn't look like the south pole,” says Scott 
Bolton, principal investigator of the Juno mission. 


“We're questioning whether this is a dynamic system, 


and are we seeing just one stage, and over the next 
year, we're going to watch it disappear, or is this a 
stable configuration and these storms are circulating 
around one another?” 

On Earth, tropical cyclones arise in an area of 
low pressure on top of warm, tropical oceans. The 
cyclones are powered by warm water vapour rising 
through the atmosphere, eventually condensing 
and releasing energy. As humans, we can't help but 


compare our environment to those on other planets 
in the Solar System. However, this process may be 
similar to how cyclones form on Jupiter, but to have 
such a dense, interacting cluster is unusual. The 
enigmatic atmosphere obviously plays a major role 
in the formation of such colossal storms, but other 
factors that we're not yet aware of could determine 
such a hectic situation. 
It's not just the poles that have left scientists 
confused, however, the whole planet has an unusual 
magnetosphere. We initially knew that Jupiter had 
the strongest magnetic field of all the planets in 
our Solar System, but the measured value for its 


“The primary focus of Juno is to understand 
Jupiter's interior as a means of testing Solar 
System formation theories” 


Phe, 


Begin the Perijove 


Technicians testing the solar 
panels that will power Juno 
and its instruments 


Goodbye north pole, hello 


- start your instruments 


Jupiter's belts 


magnetic strength even overtakes the value of 7.8 
Gauss, which was originally predicted. Scientists have 
also discovered that the magnetic field strength is 
unevenly distributed, meaning it is stronger in some 
areas than others. But how does this happen? 
“As we gather more orbits, we expect Jupiter's 
dynamo to come into sharp focus; with just a 
few orbits we cannot resolve the details as yet,” 
says Connerney. “But somewhere down under 
he visible clouds, deep enough to have some 
electrical conductivity, there's a churning fluid that 
is the dynamo. We hope to pinpoint where that is 
happening. From what we've seen so far, it may be 
happening above the metallic hydrogen layer, where 
he pressure is so great (equivalent to 2 million Earth 
atmospheres) that electrons are squeezed off the 
nuclei, free to roam about (as in a metal).” 
This mysterious dynamo effect is also believed to 
be responsible for producing the magnetic fields on 
Earth and the Sun. Deep toward the Earth's centre, 
here is a solid inner core surrounded by a liquid 
outer core. But it’s the outer core that contains the 
convecting, rotating fluid that conducts electricity 
and produces the magnetic field we know. By the 
looks of it, this dynamo region is confined more 
towards Jupiter's surface, but still exists under a 
tremendous amount of pressure. The dynamo 
must be extremely powerful to produce such an 
outstanding magnetosphere. 
A consequence of such a powerful magnetosphere 
are equally powerful aurorae. To observe these, 
there are two important instruments onboard Juno, 
which have provided unprecedented detail on 
Jupiter's aurorae. One of the instruments is the Jovian 
Auroral Distributions Experiment JADE), which 
is an energetic particle detector that measures the 
electron distribution in the atmosphere, as well as 
their velocity and composition. The other instrument 
is the Ultraviolet Imaging Spectrograph (UVS), which 
will detect ultraviolet emissions from the aurorae to 
see how the high-energy particles interact with the 
upper atmosphere. 
Juno scientists found similarities to Earth's 
northern and southern lights, but this is only half 


Moving from the north 
As Juno continues on its 


orbit, the north pole fades 
away and the tempestuous 
clouds appear into sight. 


Juno approaches Jupiter for the first time 
in 53 days, and with only a short window 
of opportunity (few hours) the instruments 
must gather as much data as possible. 


The north pole now starts to leave 
the view of Juno, and thus begins the 
close view of Jupiter's famous belts. 


Perijove 
pass 


What happens 
when Juno makes 
one of its many 


close approaches to 
the planetary king? 


© Jovian Infrared e 
Auroral Mapper 
GIRAM) 
JIRAM has gathered 
infrared images of 
Jupiter to study the 
unstable atmosphere. 


Juno making its closest 
approach 


These images were taken just before 


Juno made its closest approach to 
Jupiter, near the equator. 


— 
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UVS has observed 
high-energy ultraviolet 
radiation emitted from the 
gas giant's atmosphere. 


© JunoCam (JCM) 
JunoCam has produced 
spectacular close-up 
images of Jupiter in 
visible colour. 


Plasma Waves Instrument 
As plasma waves and radio 
waves are emitted from Jupiter, ‘ : 
WAVES has been measuring @ 


Juno at Jupiter 


By using the Doppler tracking 
method, this part of the 
investigation has probed the 
mass properties of Jupiter. 


© Jovian Auroral Distribution 
Experiment JADE) 

JADE has measured the distribution 
of electrons, as well as the velocity 
and composition of ions. 


LS - 
w 2 _ 
ipiter have been a Roman story 
ow they have been reunited 
Gravity Science (GS) 


Magnetometer (MAG) 


This is the main instrument 
for mapping the 
magnetosphere, hopefully 
indicating the state of the 
deep atmosphere. 


these as they emerge. ” ee 
4 « 
° ~ 
1 © Microwave 
ots Jovian Energetic-particle Radiometer (MWR) 
Detector Instrument JEDI) Peering into the cloud tops of 
Working with JADE, this particle Jupiter, the MWR has measured 
detector has focused on ions and the ammonia abundance as far 
electrons at high energy levels. down as 350 kilometres. 

Just past the equator The ever-famous belts 
The instruments are still of Jupiter 
gathering copious amounts The southern belts of the 
of data, whilst on its way Jovian king are shown to their 
to the south pole. full majesty in these images. 


The end of the Perijove 
As JunoCam gathers the last 


images of the south pole, Juno is 
snatched away on its elongated 


orbit, waiting another 53 days 
for its next close approach. 
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Juno at Jupiter 


What we now know about Jupiter 


These groundbreaking discoveries have changed the way we think about Jupiter and other gas giants 


The powerful aurorae that The uneven magnetic field 
light up Jupiter's atmosphere . Using the Magnetometer, the 
By studying the high-energy magnetic field of Jupiter was mapped, 


and the results showed that it’s 
stronger in some places than others. 
This has made 
scientists think a dynamo effect may 
be happening just above the metallic 
hydrogen layer of Jupiter's interior. 


particles in Jupiter's atmosphere, it 
appears aurorae are not just made 
up of solar wind particles. 

On Earth, 
we're aware that solar wind electrons 
fuel our aurorae, but it appears on 
Jupiter, particles are being pulled out 
of its own atmosphere to fuel the 
magnificent aurorae. #3 


Clouds 


Gaseous 
hydrogen 


Liquid 
hydrogen 
Metallic 
hydrogen 
The unevenly distributed Core 
levels of ammonia =) 


By observing the emission of 
ammonia roughly 350 kilometres 
towards the centre, it turns out 
the ammonia varies seemingly 
randomly. Except at the equator, 
where the ammonia pierces all the 
way down. 


7 


Scientists 7 
were expecting uniformly distributed 
layers of ammonia, but as this wasn't 
the case, they think convection in 
Jupiter may cause this. 


The Jovian magnetic field is 
stronger than first thought 
Early results from Juno have showed 
that the strength of the magnetic 
field exceeds our predictions. 

We knew that 
Jupiter had the strongest planetary 
magnetic field, but to go beyond our 
expectations indicates there must be 
amore powerful interior. 


The stormy south pole North and south pole < 
of Jupiter asymmetry , “a 
One of the most famous After.analysing the data from SS i 
images from the Juno mission several instruments, astronomers Nee” 
showed a field of cyclones concluded that the magnetic field 
raging around the south pole. and weather patterns are very 

This different at the two poles. 
was just a complete surprise Our | ie 
to astronomers, but it begs models have predicted that the Sf 


more questions such as, are 
they stable? And is this a 
regular occurrence? 


poles should be quite symmetrical, 
similar to Earth, but these results: 


do not match our theories. 
; 
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the story. On Earth, solar winds (consisting of high- 
energy ions) are blown towards our magnetic field. 
When the ions get caught in our magnetosphere, 
they ride the electric currents to the poles. When 
they crash into the poles’ atmosphere, the particles 
in the air are excited, and this excitement releases 
energy that creates the magnificent light show we 
see occasionally on Earth. 

On viewing Jupiter's aurorae, it has become 
apparent that solar winds do play a part, but there 

is possibly another mechanism at work. “In the case 
of Jupiter,” Bolton explains, “what we found was that 
there may be a significant amount of the aurorae that 
are actually being created by electrons being pulled 
out of the atmosphere.” 

Because of the powerful magnetosphere, it is 
possible that these particles are being pulled out 
of the planet's ionosphere (the outer layer of the 
atmosphere that is ionised from solar and cosmic 
radiation). These two mechanisms seem to create the 
impressive light show within the atmosphere. 

This must be the consequence of a much more 
electrically conductive interior than previously 
thought. For something like this to occur, there must 
be a strong ‘engine’ at work within the planet, and 
with every engine, there needs to be fuel to make 
it work. The fuel in this case consists of solar wind 
interactions and the transfer of angular momentum, 
both contributing to the energy feeding this engine. 

The transfer of angular momentum is reliant upon 
its moons, since Jupiter has several moons in its orbit 
(69 known moons to be specific) and each of these 
moons has a particular angular momentum. Out of 
these 69 moons, there are four Galilean moons (the 
four largest moons). The innermost Galilean moon, Io, 
has its material and angular momentum absorbed by 
Jupiter, as if the king of the planets is sucking the life 
out of Io, fuelling the intense magnetic sphere. 

Juno has another spying instrument; called the 
Microwave Radiometer (MWR), it has six antennae 
detecting the thermal microwave radiation coming 
from the clouds. Each of the MWR's antennae 
represents a different frequency, ranging from 600 
megahertz to 22 gigahertz. 

Peering through the clouds, the MWR tries to 
uncover the secrets of Jupiter's upper atmosphere, as 
it reaches roughly 350 kilometres under the surface 
where the atmospheric pressure is around 1,000 
bars (Earth sea level is 1 bar). This distance is tiny 
compared to the magnitude of Jupiter's size, as it 
only covers 0.5 per cent of the Jovian giant's radius. 
This sort of distance will only scratch the surface 
of Jupiter, which contains the heaviest gaseous 
molecules. Although this instrument can't tell us 
anything about the different states of hydrogen 
causing its magnetic field from deeper within the 
planet, hopefully it will be able to tell us about the 
structure of the planet's trademark belts, based on 
the ammonia distribution. 

And if astronomers weren't perplexed enough from 
these results already, they're about to get even more 
strange news. The results from the MWR showed the 
depths of the ammonia clouds vary mysteriously, 
because the ammonia levels differ unexplainably 

as we peer through the cloud tops. The amount 

of ammonia does increase as you get towards the 
centre, with the exception of the belt closest to the 


“We're puzzled as to how they 


Juno at Jupiter 


Images such as this 
were taken by Juno, 
but enhanced by 
members of the public 


could be formed and why 
Jupiter's north pole cert look 
like the south pole” P ha 


The Juno spacecraft undergoes thermal vacuum Juno was launched aboard an Atlas V 551 rocket at Cape 
chamber testing back in 2011 Canaveral in Florida, United States 
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Juno at Jupiter 


“Somewhere down under the visible 
clouds, there's a churning fluid that is 


the dynamo” 


equator. This belt in particular shows that at the 
equator, the amount of ammonia is extremely high, 
and penetrates as far down as the MWR can see. 
“The microwave radiometer results are just as 
surprising,” says Connerney, “well beyond the 
inexplicable column of ammonia rising at the 
equator; they're seeing emissions they have yet to 
pin on a specific source.” 
Bolton adds, “There is a lot of dynamics going 
on, and there are a lot of motions. Now we have to 
get to work to make physical models that explain 
that. I look at it and think ‘Why did we ever think it 
was simple?” 
This sort of situation, combined with the 
realisation of the north-south asymmetry and the 
uneven magnetic field, is a clear indication that 
Jupiter's interior is not uniform as first thought. In 
our models, Jupiter's layers are filled with evenly 
distributed amounts of ammonia and water, but this 
lack of uniformity can teach us about the depth of 
convection within the interior. It's possible that the 
heat being churned up from closer to the core to the 
outer layers could cause the material to be moved 
around, thus being concentrated in different areas. 


During the first science flyby on 27 August 2016, Juno 
captured an image of Jupiter's ring system 


Juno swooped over Jupiter's prominent Great Red Spot 


during its seventh Perijove 
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As mentioned earlier, the initial objective for the 
Juno mission was to understand Jupiter's interior so 
scientists can create accurate theories and models 
for the formation of the Solar System. This is exactly 
what Juno has been trying to do by collecting 
priceless data on the planet's gravity, magnetic fields, 
composition and core. All of this data has completely 
changed our models, with many scientists claiming 
they're ‘oversimplified’. 
Juno has recently completed its seventh Perijove 
on 11 July 2017, and it is clear that scientists are 
desperate for even more data. On this Perijove, Juno 
has swooped over the Great Red Spot, providing 
more extensive data to an eager group 
of astronomers. 

After Juno completes orbit 12, it may begin its 
‘Deorbit Phase’ if the mission is not extended. Days 
after finishing the orbit, two of the Reaction Control 
Thrusters will begin the deorbit burn. Almost 
six days later, Juno will begin its descent. The 
revolutionary spacecraft will then slam into Jupiter's 
dense atmosphere, disintegrating upon impact. The 
results from this mission, however, will live long in 
the memory of astronomers. 
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Acommemorative plaque of Galileo Galilei can be 
found aboard the Juno spacecraft 


Juno's closest approach to Jupiter takes it approximately 
4,200 kilometres above the surface 


The Juno team, including 
Scott Bolton (second from 
right) and John Connerney (far 
left), celebrating the successful 
arrival of Juno at Jupiter 
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Future Tech Martian airships 


MARITAN 
AIRSHIPS 


A new NASA study has the aim of exploring 
the Red Planet with the help of empty balloons 


Solar power Martian atmosphere 
The large surface area of The Martian atmosphere 
the airship body can be offers a unique 
covered with solar cells opportunity in the Solar 
to provide electricity for System to exploit vacuum 
the pump, propulsion as a lifting agent, because 


and the science payload. it is mostly cold, heavy 
carbon dioxide, but at a 
low overall pressure. 


Aerial autonomy 
Martian rovers move so slowly in 
part because the 20-minute round 
trip delay makes it impossible to 
control them directly. Not only can 
an airship travel more quickly, it 
can do so with less risk of accident. 


“It can fly and — Cretan 


\ GUIDES AND ADVICE TO GET STARTED IN AMATEUR ASTRONOMY 


In this issue... 


What's 
in the sky? 
Your guide to the Moon 
phases, illumination 
percentages and planet 
positions for the month 


This month's 
planets 
Discover the best worlds 
to view this month as well 
as the perfect times to 
observe them 


Moon tour 
On 26 and 27 July be 
sure to to view the 
fascinating earthshine 
phenomenon visually and 
photographically 


How to... Make 
a solar filter 
Follow our guide to make 
an inexpensive filter to 
help you view the Sun's 
surface safely 


Apollo 
landing sites 
Explore where man, 
lander and rover has 
stepped onto the lunar 
surface using your scope 


Deep 
sky challenge 
The summer skies are 
alive with deep sky gems 
- here's how to find some 
of the best 


How to... 
Process images 
in Photoshop 
Learn how to make your 
astro images stand out 
from the crowd 


The Northern 
Hemisphere 
Use our sky chart to 
discover some of the 
highlights of the 
Northern Hemisphere 


Astroshots 
of the month 
We showcase more 
of your spectacular 
astrophotography images 
this issue 


Altair Astro 
GPCAM2 camera 


With its reasonable price 
and simplicity, this CMOS 

is a perfect choice for 
astrophotography beginners 


What's in 


the sky? 


© Ricardo Haleck 


Conjunction between the 


Moon and dwarf planet 
Makemake in Virgo and 
Coma Berenices 


31 


The Piscis Australids 
reach their peak of five 
meteors per hour 


10 


The Moon and Neptune 
make a close approach, 
passing within 0°49" of 
each other in Aquarius 


The Moon and Venus 
make a close approach, 
passing within 2°42’ of 
each other in Taurus 


The Moon and Jupiter 
make a close approach, 
passing within 2°57' of 
each other in Virgo 


3. @) 


The Moon and Saturn 
make a close approach, 
passing within 3°25’ of 
each other in Ophiuchus 


Re B 


Conjunction between 
Venus and dwarf 
planet Ceres in Gemini 
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The a-Cygnids reach 
their peak of five 
meteors per hour 


© Daniel Borsos 


6. 


The t-Aquarids reach 
their peak of eight 
meteors per hour 


AUG 


The Perseids reach 
their peak of 80 
meteors per hour 


Jargon buster 


Conjunction 

A conjunction is an alignment of objects at the same 
celestial longitude. The conjunction of the Moon and 
the planets is determined with reference to the Sun. A 
planet is in conjunction with the Sun when it and Earth 
are aligned on opposite sides of the Sun. 


Right Ascension (RA) 

Right Ascension is to the sky what longitude is to 

the surface of the Earth, corresponding to east and 
west directions. It is measured in hours, minutes and 
seconds since, as the Earth rotates on its axis, we see 
different parts of the sky throughout the night. 


Declination (Dec) 

This tells you how high an object will rise in the sky. 
Like Earth's latitude, Dec measures north and south. 
It's measured in degrees, arcminutes and arcseconds. 
There are 60 arcseconds in an arcminute and there are 
60 arcminutes in a degree. 


Magnitude 

An object's magnitude tells you how bright it appears 
from Earth. In astronomy, magnitudes are represented 
on a numbered scale. The lower the number, the 
brighter the object. So, a magnitude of -1 is brighter 
than an object with a magnitude of +2. 


What's in the ot 


Opposition 

When a celestial body is in line with the Earth and Sun. 
During opposition, an object is visible for the whole 
night, rising at sunset and setting at sunrise. At this 
point in its orbit, the celestial object is closest to Earth, 
making it appear bigger and brighter. 


Greatest elongation 

When the inner planets, Mercury and Venus, are at 
their maximum distance from the Sun. During greatest 
elongation, the inner planets can be observed as 
evening stars at greatest eastern elongations and as 
morning stars during western elongations. 
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JUL 


The Capricornids 
reach their peak of 
five meteors per hour 


JUL 


Mercury reaches half 
phase in the evening sky 


The 5-Aquarids 
reach their peak of 
20 meteors per hour 


Mercury reaches greatest 

elongation east and is well 

placed for observation in the 

evening sky . 11.9. Frame 167] 
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DAYLIGHT MORNING SKY 


Moon phases 


JUL 


13.0 5.8 
02:32 18:14 03:21 


* The Moon does not pass the meridian on 6 August 


19:22 


JUL JUL 


31.2 
11:34 


1.9 6.5 13.3 21.7 
06:42 © 21:48 07:57 22:21 


23:39 


AUG AUG 


70.4 : 92.4 : 
00:27 ©14:50 00:54 15:52 01:24 16:51 02:00 ®@ 17:47 02:40 18:38 03:28 19:24 04:22 ®@20:04 


AUG 


AUG AUG 


70.5 
12:18 


88.3 
09:52 22:29 


80.2 
11:04. 


99.9 
06:25 


21:10 22:04 22:54 


IIlumination Full Moon 
AUG Moonrise time New Moon 
Moonset time First quarter 


Last quarter 


24.8 
01:05 


477 
14:46 


23:53 15:59 


All figures are given for OOh at midnight (local times for London, UK) 


What's in the sky?/' 


[] Canes Venatici oe 
Lyra 


| Coma Berenices 
ae Hercules 
Sagitta ~*~ 
Aquila 
Serpens 
Virgo 
_ 


Leo Minor 


Sextans 


Crater 


ee & 
Pyxis 
Antlia & 
Sagittarius rat 


Scorpius 
‘ne a Centaurus 
“ - 


OPPOSITION EVENING SKY 


Allrise and set times are given in BST 


26 JUL 2 AUG 9 AUG 16 AUG Date RA Dec Constellation Mag Rise Set 
20 Jul O9h39m05s_ __—-+14° 33°58" Leo 0.0 07:25 22:05 
26 Jul 10h10m 48s +11°05'27" Leo 0.2 07:48 21:50 
O2Aug 10h30m43 +07° 23' 05" Leo 04 08:04 = 21:27 
O9Aug = 10h43m50s +04° 34°35" Sextans 0.9 08:04 20:58 
16 Aug 10h 43m 14s +03° 24' 23" Sextans 1.9 07:42 20:24 
20 Jul 05h 02m 10s +20° 38' 06" Taurus -4.0 02:11 18:06 
26 Jul 05h 31m 15s +21° 24'20" Taurus -4.0 02:12 18:17 
O2Aug O6h05m50s_— +21°54'23”" Gemini -4.0 02:15 18:27 
80% 80% O9Aug O6h40m55s_ —-#21°56'38" Gemini 40 02:22 18:35 
16 Aug 07h 16m 15s +21°29'51" Gemini -4.0 02:33 18:40 
20 Jul O8h 07m 20s +21°19' 28" Cancer 17 05:11 21:16 
26 Jul O8h 23m 30s +20° 29' 01" Cancer 17 05:09 ~—.21:03 
O2Aug O8h42m05s +19° 23' 37" Cancer 17 05:08 20:46 
100% 100% 100% 100% O9Aug O9h0Om21s  +18°11' 44" Cancer W7 05:06 20:30 
16 Aug 09h 18m 19s +16° 53'56" Cancer 1.8 05:04 = 20:12 
20 Jul 12h58m 13s -04° 53'09" Virgo -2.0 12:25 23:43 
26 Jul 13h 0Om 46s -05°10' 27" Virgo 19 12:05 23:20 
O2Aug 13h04m06s -05° 32' 42” Virgo 19 11:43 22:54 
O9Aug = 13h07m48s -05° 56'57" Virgo 1.9 11:21 22:28 
16 Aug 13h 11m 49s -06° 22'56" Virgo 1.8 11:00 22:02 
20 Jul 17h25m 18s -21° 54' 36" Ophiuchus 0.2 18:27 02:37 
26 Jul 17h 24m Ols -21° 54' 29" Ophiuchus 0.2 18:02 02:12 
O2Aug = =17h22m 47s -21° 54' 34" Ophiuchus 0.3 17:33 01:43 
o9Aug = =17h21m50s -21° 54°57" Ophiuchus 0.3 17:05 01:15 
16 Aug 17h 21m 13s -21°55'39" Ophiuchus 0.3 16:37 00:47 


This month's planets 


Ever-dazzling Venus rules the dawn skies, while Jupiter takes the 
evening watch. Sly-watchers are also treated to fleeting views of Mars 


Constellation: 
“Taurus * 
Magnitude: -4.0 
AM/PM:-AM 


This is a fantastic month for you if you're a fan of 

the planet Venus. You'll recall how Venus dominated 
the evening sky at the turn of the year, blazing 

like a lantern in the west after sunset through late 
winter and into early spring; it is now a ‘Morning 
Star’, dramatically outshining everything else in the 
sky apart from the Sun and Moon. This fascinating 
world - often, very wrongly, for many reasons, called 
‘Earth's twin’ - rises some three hours before the Sun 
at the start of our observing period, and almost three 
and a half hours before it by its end, so it is well worth 
setting your alarm clock for. 

Before the approach of dawn drowns out its intense, 
burning magnesium-like light, Venus will appear so 
dazzlingly bright in the morning sky to the naked 
eye that you simply won't be able to miss it. A pair of 
binoculars will enhance the planet's glare, and through 
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PERSEUS | 


04:30 BST on 27 July 


even a modest-sized telescope you'll be able to see the 
planet's gibbous phase, and enjoy the sight of Venus 
looking like our own Moon does several days after full. 
At the moment the planet is embedded in the 
constellation of Taurus, just to the left of the V-shaped 
Hyades star cluster which represents the horns of this 
celestial bull. In the hours before dawn on 20 July, 
Venus will appear to lie directly alongside the brightest 
star in the cluster - orange-hued Aldebaran - and a 
lovely waning crescent Moon. The three objects will 
make a very striking sight together, one which will 
have many astrophotographers setting their alarms 
and clearing their memory cards in eager anticipation. 
During our observing period Venus will slowly 
move away from the Hyades, each morning a little 
closer to the third magnitude star Zeta Tauri. On the 
morning of 27 July, Venus will be positioned almost 


~ ERIDANUS . 


halfway between the star and the famous Crab 
Nebula (M1), which should have those aforementioned 
astrophotographers reaching for their zoom lenses. 

However, Venus won't just be a pleasing bright star 
this month. It will be a great observing companion for 
sleep-deprived sky-watchers as they look out for other 
exciting sights in the sky. The noctilucent cloud season 
will be well underway by mid-July, and if any major 
displays of these lovely and eerie electric blue clouds 
light up the northern sky during our observing period, 
they should still be shining as Venus rises in the east, 
adding extra beauty to an already beautiful scene. 
Also, insomniac meteor watchers will surely see some 
bright shooting stars from the Perseid meteor shower 
dropping towards and past Venus during the annual 
shower's mid-August peak, especially on the morning 
of 13 August. 


LEO MINOR\, 


LEO 


Constellation: Leo 

Magnitude: 0.1 

AM/PM: PM 

This will not be a good month for 
viewing Mercury. The evening of 
25 July will see Mercury shining to 
the lower right of a beautiful young 


CAMELOPARDIS 


AURIGA 


crescent Moon, so if you find the 
Moon you should be able to spot 
Mercury. That same evening Mercury 
will be shining directly beneath Leo's 
brightest star, Regulus, but again the 
bright sky will probably make that 
close encounter very hard to witness. 


ANDROMEDA 


PERSEUS 


TRIANGULUM 


This month's planets/' 


Constellation: Gemini moving into 
Cancer 

Magnitude: 1.7 

AM/PM: AM 

This will be a very poor month if 
you are a fan of observing Mars. The 
famous Red Planet is currently so 


DELPHINUS 


AQUILA : 
SCUTUM 


GEMINI 


close to the Sun in the sky that it is 
effectively hidden from our view. You 
might catch a glimpse of it through 
binoculars, but really Mars isn’t worth 
the trouble this month. Better to wait 
a while until it is higher and brighter 
in the sky, and easier to see. 


Constellation: Pisces 
Magnitude: 5.8 
AM/PM: AM 
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Uranus could be nicknamed ‘the forgotten 
planet’ because few sky-watchers have 
bothered to look for it, having heard how 


t is to see. In fact, at magnitude 5.8 


Uranus is visible to the naked eye under 
a dark, Moon-free sky; it even shines with 


le greenish tinge to help you spot 
he start of our observing period 


Uranus rises around midnight, and by the 


e of August it rises around 10pm, and 
ble right through the night, arcing 


southwards until dawn brightens the sky 
behind it. On the morning of 13 August, as 


id meteors skip across the sky, look for 


he waning gibbous Moon shining five and 


a half degrees to the lower right of Uranus. 


SAGITTARIUS 


Constellation: Virgo 

Magnitude: -1.9 

AM/PM: PM 

As far as naked eye planets are 
concerned, Jupiter still rules the 
evening sky - for now, at least. 
Looking like a bright blue-white star 


at the start of our observing period, 
Jupiter becomes visible as soon as the 
sky gets dark and sets at midnight. By 
the middle of August it sets an hour 
and a half after the Sun has dropped 
beyond the horizon, so its grand show 
will soon be past its best. 


Constellation: Ophiuchus 
Magnitude: 0.2 

AM/PM: PM 

Saturn is a serene object in the 
evening sky during our observing 
period. Sitting low in the southern 
sky its light will be dimmed by the 


haze which hangs above the horizon 
on warm summer evenings. However, 
your naked eye will still be able to 
spot it easily as a golden-hued “star’, 
shining halfway between Sagittarius 
and Antares, the brightest star in the 
constellation of Scorpius. 
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Moon tour 


Earthshin 


See the beautiful ‘old Moon: 
in the new Moon's arms’ 


Take a quick look at any map of the 
Moon and you will see that it is covered 
with fascinating features. On any night 
when our planet's natural satellite is 
visible in your sky, you will be able to 
look at it through a telescope, or even 
just a pair of binoculars, and peer down 
into the dark depths of its dramatic 
craters, see sunlight bathing the jagged 
peaks of its magnificent mountain 
ranges and, of course, roam its dark 
seas of ancient, frozen lava. Sometimes 
though, the Moon itself is the star of the 
show. The sight of a bloated Full Moon 
rising from behind the trees on a warm 
summer evening is quite magical, and 
the silvery ‘Cheshire Cat' smile crescent 
of a young Moon hanging above the 
western horizon in the hours after 
sunset, as the sky darkens, is so striking 
that it often makes everyone stop what 
they're doing and just stare. 

But for a few days at the start of 
each lunar month the Moon offers us 
something truly beautiful. When the 
Moon is what most people call new - an 
extremely thin crescent hanging low in 
the dusk sky - it is often possible to see 
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the rest of the Moon's disc illuminated 
with a very subtle glow. In comparison 
to the silvery-white crescent, the darker 
portion of the disc seems to be painted a 
shade of grey-blue, or even lavender, just 
bright enough to allow us to see surface 
features as vague dark shapes through 
our binoculars or telescopes. 

This phenomenon used to be called 
ashen light or, more romantically, ‘the 
old Moon in the new Moon's arms’ but 
modern astronomers and sky-watchers 
know it as earthshine. 

Earthshine is one of those very rare 
astronomical terms, which actually 
describes quite accurately something we 
can see. What we're observing during 
the first few days of the lunar month 
is the part of the Moon not yet lit up 
directly by sunlight being illuminated 
by a much subtler light reflecting off the 
Earth - with sunbeams bouncing up off 
of the oceans, cloudy atmosphere and 
icy poles. Since this light is much weaker 
than direct sunlight it isn’t powerful 
enough to do much more than cast a 
feeble glow on the lunar landscape, but 
that's enough to allow us to see the rest 


of the Moon framed by the beautiful 
crescent of a so-called New Moon. 

When is the best time to see 
earthshine? The very best times to see 
it in the Northern Hemisphere are in 
spring and autumn, when the young 
Moon is high in a dark sky after sunset 
and before sunrise respectively. But 
throughout the year earthshine is at its 
most obvious to the naked eye during 
the first four or five days of the lunar 
month, when the contrast between it 
and the much brighter crescent is at 
its greatest. After day five it's possible 
to see earthshine through a telescope 
for another couple of days, but the best 
time to enjoy it is on days two and three, 
that's when the Moon has climbed 
high enough in the sky and moved far 
enough away from the sunset glow for it 
to be most noticeable. 

To enjoy seeing earthshine all you 
need are your eyes. You'll easily be able 
to see the dark part of the Moon glowing 
with a gentle, soft light. The Earth-lit 
Moon is particularly beautiful when 
there's a bright planet shining in the sky 
close to it, and we'll always make sure to 
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give you advance warning of when that 
will be happening in our monthly sky 
notes here in All About Space. 

Through a telescope or pair of 
binoculars the view is simply beautiful: 
the subtle colours of the Earth-lit part 
of the Moon are enhanced, and the 
contrast between the bright crescent 
and the rest of the Moon is much more 
obvious. You'll also be able to see the 
lunar seas as dark birthmarklike stains, 
and bright craters such as Copernicus 
and Aristarchus as grey-white spots. 

The summer months are not ideal for 
viewing earthshine, but if your sky is 
clear on the evenings of 26 and 27 July, 
you should still be able to see it as the 
young Moon hangs above the horizon 
after sunset, although you might need 
binoculars to see it properly. 


If you have a digital SLR camera 
you can photograph Earthshine 
using a zoom lens. Put your camera 
on a tripod to keep it steady. 


Gaze wpon some easy-to-find targets 
located in the Swan, Harp*and Hero 


Great Hercules Cluster (M13) 

This is the brightest globular cluster in the 
Northern Hemisphere and just visible to the 
naked eye, thanks to its magnitude of 5.8 and 
its diameter of 20 arcminutes across, which 
corresponds to 145 light years. With no light 
pollution and clear skies, Messier 13 appears 


as a fuzzy ball through 10x50 binoculars. 
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Naked eye target: 


@ 
Ophiuchus 


The Keystone (asterism) 

This asterism describes the shape of 
a keystone, often found in bridge, ° 
which forms the torso of Hercules, 
the hero. It's made up of main 


Zeta Herculis, which range from ° 
magnitudes between 2 and 4, 
making them easy to locate. Bright 
star Vega, which rests just to the. 
left of the asterism, serves as an 
excellent marker for those struggling 
to pick out the stellar formation. 


o* 
* * Coathanger Cluster (Collinder 399) 
Also known as Brocchi's Cluster, this 
amusing arrangement of stars, which range 
etween magnitudes 5 and 7, certainly lives 
up to its name, where six of its ten stars 
® form a straight line, while the other four 
take the form of the hook on the south 
side. To the unaided eye, Collinder 399 is 
Vega an unresolved patch of light but binoculars 
One of the brightest stars in the Northern witl'’@ magnitude of at least 10x50, will 
Hemisphere, Vega - also known as Alpha resolve its stellar members. ) 
Lyrae - shines brightly at a magnitude of O ; o— @ 
and is immediately obvious to the unaided \ ‘ 
eye at mid-northern latitudes during the o— © 
evenings. Along with Altair in Aquila (the 
Eagle) and Deneb in Cygnus (the Swan), 
Vega forms the Summer Triangle asterism. Lyra 
& 
_° Vulpecula 
& we 
i . 
Cygnus €e 
Containing the Northern sO Y 
Cross asterism, Cygnus @ @ & 
(the Swan) is perhaps one e vf S itt 
of the most recognisable 
constellations during the mm Vo S . dgl d ~ e ; 
rthern seasons of summer : ) seas 
d autumn. It’s perhaps * Cygnus ad 
most easily located with the & 
help of one of the brightest @ 
stars in the night sky, Deneb 
-a 1.25-magnitude, dazzling ® 
blue-white supergiant. 
@ 
® @ . A 
———® 
e BS = e 
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How to... 


Make a solar filter — 
for your telescor 


The Sun.is our nearest star and, with care, you can make 


an inexpensive filter to view its incredibly Nag iy : \: 


You'll need: 


V AstroSolar safety film 
V Cardboard 

V Sticky tape 

V Scissors 


The Sun is our nearest star, which 
means that when we study it, we 
can get a good idea about how other 
stars work. This huge ball of searing 
hot plasma is full of surprises and is 
a very complex body. It contains vast 
and ever-changing powerful magnetic 
fields and has distinct layers, a little 
like an onion. 

The layer which we are most 
familiar with is the photosphere, 
the layer of the Sun which emits 
the incredibly bright light. It is this 
layer we can study with a simple 
filter which you can make yourself 
at home, allowing you to see features 
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such as sunspots as well as mottled 
granulation. This filter can be fitted 
over the objective aperture of your 
telescope, providing a safe way of 
viewing the Sun. 

A word of caution here, however: 
only ever use filter material made 
for the purpose. DO NOT attempt to 
employ substitute materials such as 
aluminium foil or the filters found 
in solar eclipse glasses. This can 
and probably will lead to serious 
eye damage. 

AstroSolar safety film, as the 
name suggests, is perfectly good 
to use providing that you follow 
the instructions carefully. It should 
only be bought from retailers that 
stock astronomical equipment or 
photographic equipment dealers. 

AstroSolar safety film is relatively 
inexpensive and is supplied in an 
A4-sized sheet along with instructions 
on how to make filters for your 
telescope or binoculars. With a little 
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care and planning, you can make a 
filter to fit a three-inch or four-inch 
refractor, along with smaller filters 

to fit your binoculars. Care must be 
taken to ensure that you do not scuff 
or perforate the material as you are 
assembling the filters. It must also 
be used in front of the telescope lens 
or the front aperture on a reflecting 
telescope. You will need to ensure 
that you make the filter to fit your 
instrument well and use cardboard 
as a collar. 

It is essential that the filter is strong 
enough to last several placements 
and removals on your telescope or 
binoculars, but also flexible enough to 
bend easily around the aperture. Make 
sure that it is tight enough too, so that 
it can't fall or be easily knocked off 
during observations. With care, in both 
manufacture and use, it can produce 
a useful, safe and inexpensive means 
of viewing the surface of our dazzling, 
dynamic Sun. 


Ensure a clean cut 

Use sharp scissors to achieve a clean cut 
through the solar film. Plan where you'll 
be cutting the film before you do it. 


Use good quality tape 

Old tape can lose its tack, posing a 
safety hazard if it comes unstuck 
during observations. 


Too much better than too little 
Cut the material so that you'll have more 
than needed. It's better to have a larger 
amount on the filter, than not enough. 


Wrinkles are safe! 

The material is thin and so it can appear 
wrinkled. This is common, but will not 
affect your views. If there are tears, 
however, you should discard it. 


Handle with care 

The film is very thin and can easily be 
torn. If it looks scuffed, you should start 
again and make another one. 


YA 44, 
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Crafting your handmade filter 


With cardboard, solar film and tape, you can observe our Sun's angry surface with ease 


When making the filter, be sure to leave a little 

more film than you think might be necessary. Don't 
be tempted to stretch the material to remove any 
wrinkles you might see in it. These ‘blemishes’ really 
don't have any affect on the image and stretching 


the material increases the risk of tears so should be 
avoided. Check the filter before each use, to make 
sure that it is in good condition. Hold it up to a light 
source and check for holes or scuffs. If you see any 
marks, throw the filter away and make a new one. 


Send your photos to 
space@spaceanswers.com 


Work out how you are going to cut the card and 
film before you do. If you're not confident in 
cutting into the filter film, you should practice on a 

sheet of paper before you begin. 


| Plan before you begin 


Cut the film so that it's a little oversized for You should use really sharp scissors to cut the 

your aperture and wrap it around the first film. A blunt pair can easily damage or crease 
collar. Make sure the second collar, which holds the the film, posing a threat to eyesight while observing 
film in place, is tight. the Sun's bright photosphere. 


y, Installing the film 2 Be aware of damaging the film 


Measure your aperture 
Using the same cardboard you have selected, 
you should create a ‘fitting’ that will allow the 


solar filter to hang onto your telescope's objective 
lens. Make sure that it fits snuggly! 


Apply the tape Use your filter 
Apply sticky tape liberally, making sure it Once finished put the filter onto your telescope 


doesn't go over the filter itself. Ensure that 
all components of your filter are sandwiched 
together securely. 


before you point it towards the Sun and then 
remove it when you've positioned it away from the 
solar glare. 
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Gaze upon the lunar surface tonight and you'll see where 
man, rovers and landers stepped onto another world 


Written by Stuart Atkinson 
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Apollo landing sites 


Today there is a lot of excited talk about going to the 
Moon. Again. Shining brightly in our sky it calls to us 
like a celestial siren, just as it always has done. NASA 
is still debating whether it should send astronauts 
straight to Mars, bypassing the Moon altogether, 
or only go to Mars after a number of successful 
precursor missions to Earth's natural satellite. 
Meanwhile, the European Space Agency is looking to 
the Moon as the potential site of a scientific outpost, 
where different nations could work together in a 
‘lunar village’, much like international scientists 
now work in Antarctica. Private companies are also 
planning to mine the Moon for resources, and there's 
even a competition to land robot rovers on the Moon 
and have them send live video back to Earth. 

With all this going on it's important to remember 
we've already been to the Moon. True, it happened 
a long time ago but the Apollo missions were a 
spectacular success, and represented a golden age of 
exploration. It was a time when enormous rockets, 
gleaming white, thundered into the sky, roaring like 
dragons, carrying brave explorers across the gulf of 
space, travelling much further than we could possibly 
go today. Between 1969 and 1972 six Apollo missions 
took teams of three astronauts across a quarter of a 
million miles of space to the Moon, set two of them 
down on its surface, and brought them all home Apollo 11 Finding Apollo 1's landing site where Neil Armstrong 
safely again. A seventh mission, Apollo 13, famously took his “one small step" off the Eagle's ladder is quite 
failed to land on the Moon, but the astronauts easy. Just find the large crater Theophilus and put it 
survived a flight around the Moon. Today those at the top of your field of view. You'll see an obvious 


Telescope with magnification of 50x or more 


daring missions are as fascinating as ever. ‘Ww Mare Tranquillitatis (Sea of Tranquility) ‘promontory’ of bright ground beneath the crater, 
jutting out into the darker lava sea. The ‘Tranquility 
Base’ is just beneath this striking feature. 


Many people have asked why astronomers don't 
turn the Hubble telescope towards the Moon, to take 
photos of the Apollo spacecraft. But not even the 
Hubble could see a four-metre wide Apollo spacecraft 
on the Moon. Hubble is essentially a light bucket, ‘a 
designed to collect the faint, ghostly light of ; , 
faraway galaxies, nebulae and planets. It can't a. Apollo 2 
zoom in on things in its own backyard. 

To see Apollo hardware you have to go to Ly d 
the Moon, and then either land next to the 
actual spacecraft, as the rovers might do later ¢ ‘ Lansberg 
this year or next, or look down on them from 
orbit. The Lunar Reconnaissance Orbiter (LRO), 
has done just that, and has taken amazingimages * 
of the Apollo landing sites from orbit showing not @ 
just the spacecraft themselves, but the lunar rovers 
parked where they were left, and even the trails of *~ 
bootprints left in the lunar dust by the explorers. 

So, if you were hoping to see Apollo hardware on 
the Moon through your telescope, you've no chance, 
sadly. However, you can see the Apollo landing sites 
if your telescope is good enough - and we're going to 
tell you how, and where, to find them. 

First, you need to know the general areas of the 
landing sites, and the key to doing that is to think of 
the Moon as the face of a clock, with 12 o'clock at the 
top and 6 o'clock at the bottom. You can then find 
the rough areas of each mission's landing site quite 


easily, using the charts included in this guide. Apollo 12 One of the Moon's most impressive craters will 


) Between first quarter and full 


= 


Reinhold 


Having found the general areas of the landing guide you towards the Apollo 12 landing site in the 
sites, you can then zoom in on those to pin-down the Ocean of Storms. Just find the huge crater Copernicus 
actual landing sites. You do this by looking for certain and place it at the bottom of your inverted field 
features the landing sites were close to, such as a » Oceanus Procellarum (Ocean of Storms), of view. To Copernicus’ upper right you'll see the 
large crater or a valley. Again the charts will help you. * close to crater Copernicus smaller crater Reinhold, and beyond it the crater 
Note: the charts are oriented correctly for the ‘upside Lansberg. Apollo 12's landing site lies to the upper left 
down’ view seen through most telescopes. of the 3.1-kilometre-deep Lansberg. 


Telescope with magnification of 50x or more 


) Between full and last quarter 
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Apollo 14 The Apollo 14 landing site can be found 


close to one of the most impressive 
Telescope with magnification and most photigraphed ‘crater chains’ 
* of S0Xor more on the Moon's surface. Once you have 
found craters Arzachel, Alphonsus and 
Fra Mauro, close to crater Ptolemaeus, jump across to the right 
Ptolemaeus of Ptolemaeus where you will find the 
smaller ring-like crater Parry. The Apollo 
14 landing site is just to the lower right of 
this crater. 


a Arzachel 
Mt ( 


‘Alphonsus 
o \ 
Naf 
: 
5 


O Between first quarter and 
full Moon 


\ 
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jot Cait \ A by” ANY 
«. \Ptolemaeus,,  *’ 


The lunar module Falcon touched down 
in July 1971 in the most stunning location 
any Apollo mission visited - close to a 
meandering valley in the shadow of the 
Apennine mountains. To find it, look for 
Q Close to Hadley Rille, the break in the curve of the mountains, 

in the Apennine mountains to the left of the crater Archimedes, past 
Autolycus and Aristillus. Apollo 15 landed 
above and to the left of these craters, in the 
foothills of the mountains. 


* Telescope with magnification 
of 100x or more 


O Between first quarter 
and full Moon 


Apollo 16 


Telescope with 
x magnification of 100x 
or more 


The Descartes 
gy Highlands, close 
to the crater Kant 


O First quarter to full 


The landing site of Apollo 
16's lunar module ‘Orion’ 
is probably the most 
challenging to find. If 

you place the crater 
Theophilus to the 

left of your eyepiece's 
field of view you'll 

see a smaller, sharper- 
rimmed crater to its right. 
This is Kant, and Apollo 
16 set down in the rugged 
highlands to its lower right. 
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Apollo 17 


, . , i i” 

»¢ Telescope with ; uP AD x0pat0 17 
magnification of 100x : ee 

or more 

Q Taurus-Littrow Valley 


©O First quarter to full 


The final Apollo mission 

in December 1972 saw the 
lunar module Challenger 
land in a notch-like ‘bay’ 

on the southern shore of 
the Sea of Serenity. To find 
it, put the shallow crater 
Posidonius at the bottom of 
your field of view. Follow 
the shoreline ‘up’ past the 
semi-circular Le Monnier tw, 
bay. Continue upwards and : @) ive i. it ¢ ) 
you'll find the Apollo 17 : 

landing site. 


Sea of Serenity 


Le Monnier 


Posidonius 


Using the Moon as a clock face 


Locate the rough locations of the Apollo 
landing sites using this simple trick 


a 


YP 
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This image shows the Challenger Descent Stage of the 
Apollo 17 mission as well as buggy tracks and footprints 


© Alamy; Detlev Van Ravenswaay; Science Photo Library; NASA; Goddard; Arizona State University; Gregory H. Revera 


The Apollo 13 mission was aborted after an oxygen tank 
ruptured. Here we can see the impact site of its booster 


Deep sky challenge , 


Gems of the swan. 
and the harp 


The summer skies are alive with deep sky 
objects - point your telescope at them tonight 


With the Milky Way arching across the sky at this 
time of year, the constellations, which are located 
within it or straddle its borders, are littered with 
amazing objects towards which you can turn your 


telescope and feast your eyes. There are double stars, 


open star clusters, globular star clusters and nebulae 
in and around the region of sky dominated by the 
familiar constellation of Cygnus, symbolised by the 
Greek mythology as a swan. 
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The constellation of Lyra plays host to two 
intriguing objects, namely the double-double stars 
of Epsilon Lyra and the famous Ring Nebula (M57), 
while Cygnus is peppered with open star clusters and 
nebulae. The Milky Way provides an awe-inspiring 
view, especially with a low-power eyepiece. Just 
cruise through it and enjoy the view, but if you are 
looking for something more substantial, then here are 
a few of the best objects for your telescope. 


Veil Nebula 


Ring Nebula (M57) 


Epsilon Lyrae 
What appears as a single star to the untrained 


eye, Epsilon Lyrae is in fact a star system when 
observed under the magnification of a telescope, 
even under noticeably light-polluted skies. The 
larger your aperture, the more components you'll be 
able to split the binary into, for example, a six-inch 
instrument will be able to resolve two pairs of off- 
white stars. 


Ring Nebula (M57) 

The Ring Nebula looks just like a smoke ring 
1 in space between the Lyra constellation’s stars 
Sulafat (Gamma Lyrae) and Sheliak (Beta Lyrae). A 
three-inch telescope will reveal an elongated hazy 
spot, while a six-inch will pick out Messier 57's smoke 
ring structure and even larger instruments will 
reveal the faint central star. While some observers 
report spotting a greenish tint, you'll need filters and 
Photoshop to admire its full glory. 


Messier 56 
An eight-inch aperture telescope will resolve 


this tightly packed globular cluster into a fuzzy 
patch or an out-of-focus star. In order to resolve it 
into its individual stellar components, you'll need an 
eight-inch instrument or larger. The brightest stars 
within the cluster are of magnitude 13. 
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Deep sky challenge 


With a magnitude of 7.4, the Dumbbell Nebula 
(M27) is considered to be a bright target 
for telescopes and takes on the appearance of an 
apple core, especially when using the sensitivity 
of a camera. Visually, the Dumbbell Nebula can be 
detected using binoculars with magnifications of at 
least 10x50, but in order to achieve more detail you 
will need at least a small telescope. 


Veil Nebula 
Quite a complex region, the ‘bridal’ Veil Nebula 


is the expelled remnants of a supernova, 
which can be seen strewn all about a region of sky in 
long-exposure photos. There are two bright regions 
in the nebula that can be seen visually through 
binoculars from a sufficiently dark site. However, to 
see its eastern and western portion, you will require a 
telescope with an aperture of six to eight inches. 


Messier 29 
This open cluster looks best at a low power. 


At a magnitude of 71, Messier 29 is too faint to 
be spotted using the naked eye. It is relatively small, 
occupying an area of about seven arcminutes in the 
sky, which corresponds to about a quarter of the size 
of the full Moon. It's shape is visible in a telescope of 
about three inches. 


( The Dumbbell Nebula (M27) 
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How to... 


Process yYOur 


images in Photoshop 


Adobe Photoshop is the ‘go-to’ software for many astro-imagers. 


Here are some tips that will make your starry shots really sparkle... 


You'll need: 


V Computer 
V Adobe Photoshop 


= 


If you've taken pictures of the nigh 
sky, you've only done half the work! 
Processing the images will often bring 
out stars and objects you perhaps 
didn't even realise were there. The 
are many types of image processing 
software available, some are fairly 
inexpensive, or even free, while others 
cost a small fortune. Adobe Photoshop, 
depending on the version you have, 
falls somewhere in between. You can 
even find a host of useful tools in the 
free Photoshop ‘Lite’ version. The latest 
version can be paid for in monthly 
instalments, so no need to pay 
hundreds for the full program, with 
features that you may never use sitting 
idly on your computer. 


io) 
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Photoshop contains numerous filters 
and routines, which you can employ 

to pull detail out of your astro images. 
Sharpening filters, for example, can 
help faint nebulae and other objects 
stand out from a seemingly dark 

sky. In fact, everything is completely 
adjustable but you do need to exercise 
restraint and taste. 

mages you thought were not 

much good or contained very little 

of interest can be livened up, while 
even slightly blurred images can be 
rescued and you can also stack frames. 
Photoshop is a more labour-intensive 
program than other, purpose-built 
astro-imaging software on the market, 
while the number of possibilities can 
make the program feel a little daunting 
for beginners. However, if you stick to 
just a handful of routines, you'll find it 
is fairly easy to learn and it will ‘grow’ 
with you as you get used to using it. 
You can graduate onto adjusting the 
‘curves’ of your images, which will 


Fh 


allow you to control contrast and 
brighten or darken images and even 
shift the colour and tone. 

It can be great fun working on 
your pictures and is a useful way of 
passing the time when it's cloudy. 
You'll quickly find the filters that work 
best for your type of photography and 


Use a RAW format 

Many cameras produce JPEG files. 
However, it is recommended that 
you shoot in RAW since the images 
are uncompressed and can easily 
be manipulated in image 
processing software. 


Importing your images 

You can import your shots into 
Photoshop in various ways. Image 
processing software also allows you 
to convert from RAW to BMP, among 
many other formats. 


you will be able to experiment further 
as your skills increase. Here are just 

a few of the possibilities, which can 
have dramatic effects on your images 
and give you the taste for exploring 
the program even more. If you use the 
tools methodically and carefully, you 
will achieve some amazing results. 


Resizing your images 

Make sure the image is big enough, so 
can see as much of it as possible. The 
‘tool’ windows should also be visible. 


‘Undo’ if you make a mistake 
Don't forget, if you make a mistake 
you can go back to the previous filter. 
Photoshop also allows you to try out 
the effects of various other filters, too. 


Saving your images 

You can save images as BMP, TIFF or 
PSD files, so you can take a break and 
come back to them later. 
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Using an image-processing program 


If you use the filters and routines in a sensible order, you'll find it quickly enhances your pictures 


Once you have imported your images into Photoshop, them on your computer. Always test what a filter will 

work through a couple of basic routines to create do before you commit to the change. Do remember 

some initial enhancements to it. Work slowly and though, that you can always start again if things go Send Your photos to 

methodically. Always save your processed images to wrong. Enjoy the art of processing and impress your space@spaceanswers.com 
a different name and somewhere you can easily find family and friends with your results. 
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Open your Image Adjust the brightness 
Open your image, which should have been shot in RAW format, and convert it Under the ‘Image’ option click ‘Adjustments’ and then ‘Levels’. You will then 
to TIFF or PSD. This conversion will make your images easier to process. be able to move the left slider gently to darken the 'sky' of your image. 
s*«c —_ 
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Bring out fainter stars Remove artefacts 
Click on ‘Filter’, ‘Sharpen’ and then 'Unsharp Mask’. This will help to bring out Use the ‘Crop’ tool to remove any unwanted artefacts from the edges of your 
the fainter stars and other less-luminous targets in your images. image. For example, this could be a corner of a house or a tree. 


Balance the colours Reduce the noise 
Use ‘Colour Balance’ to change the shade of the image or to remove colour Use the 'Reduce Noise’ option under ‘Filter’, and then ‘Noise’, to remove any 
cast, that is colouration that affects the whole or a portion of an image. apparent graininess. This will make the image appear smoother. 


87 


The Northern 
Hemisphere 


Dwarf planets, nebulae, galaxies and star clusters grace the 
skies into August, offering a splendid selection for stargazers 


For those with a decent-sized telescope, it’s the nebulae within constellations 
dwarf planets Haumea and Makemake such as Cygnus and Lyra that are the 
are especially choice targets for those objects to turn your telescope to this 
looking for a challenge at around 10pm month. The Ring Nebula (M57), Pelican 
(BST) on evenings with next-to-no light Nebula, young and dense planetary 
pollution. If, however, you're looking for nebula NGC 7027, reflection nebula 
something much more ‘easy on the eye’, NGC 6914 and the ‘blinking planetary’ 
then gas giants Jupiter and Saturn can NGC 6826 are particularly impressive, 
easily be located without aid. providing observing and imaging 

Galaxies and star clusters are opportunities for astronomers and 
abundant in the August skies, however, astrophotographers alike. 


This chart is for use at 1Opm (BST) 
mid-month and is set for 52° latitude. 


Lsv4 


Hold the chart above your 
head with the bottom of the 
page in front of you. 


Face south and notice 
that north on the chart 
is behind you. 


% The constellations on the chart 
should now match what you 
see in the sky. 


Sirius (-1.4) 
-0.5 to 0.0 
0.0 to 0.5 
0.5 to 1.0 
1.0 to 1.5 
1.5 to 2.0 
2.0 to 2.5 
2.5 to 3.0 
3.0 to 3.5 
3.5 to 4.0 
4.0 to 4.5 
Fainter 


Open star clusters 

Globular star clusters 

Bright diffuse nebulae 

Planetary nebulae Observer's note: 
The night sky as it appears 


Galaxies on 16 August 2017 at 
approximately 10pm (BST). 
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Pelican Nebula (IG 5070) : 


Send your PRAM cam images — 


space@spaceanswers.com for a chance 
to see them featured in All About Space 


ae 


¢ Cygnus wall 


Graham Hard 


East 


Surrey, UK 
Telescope: 
TS APO65Q 
and Sky- 
Watcher 
250PDS 

“I took up astrophotography 

in 2012 after soon realising 

that I couldn't get very much 


detail from galaxies and 


deep-sky objects through 


viewing them alone. 


“lL imaged a small part of 
the North America Nebula, 
which is a major star-forming 
area that forms part of the 


Cygnus Wall. The 


wall is lit up by bright young 
stars and is partly hidden by 
dark dust clouds. I imaged 
this region using my Atik 


A9OEX camera.” 


Milky Way and Space Station pass 


. 


_ The Flaming Star Nebula (IC 405) ~ 


. 
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Jaspal Chadha, 
i P London, UK 
Telescope: Takahashi 130 
co ae 7 “The Hercules Globular Cluster i 
‘ ~ gr eS ae (M13¥contains an unusually = 
~°. % young, B2-type star, designated 
“ } * Barnard 29. The star does not P 
really belong to the cluster, but 
was presumably picked up by M13 on its orbit ” 
. ' * ' ae * around the Milky Way. Other stars in the cluster 
: are very old and only have about five per cent of 
e--. the Sun’s iron content as they were formed before 
. the stars in our galaxy created metals. M13 also 
. . . contains about 15 bluestragglers, old Stars that 
appear younger and bluer than their neighbours.” ” 


os eee vee 3 : . " : 
eo Be JeffJohnson. 
. an , Las Cruces, New Mexico mete 
ofS. we oi oF : 30, aes es Telescope: Takahashi 
5 Tse Cay Sete +57 + - “= FS-60C refractor 
We Ro ee ET e ’ ‘> re > * |. *®--"Lhave a long love of 
: ye RAS Basie. divas Sos se tong 3 $- sane. Ae astronomy_and have 
CD, So Pipe at BS Ob ie iin : Sa Ae observed the night sky 
oe e% "M3! we Sy ee a a ie te for many years with aq 
: - a Sale gi. o8 a She “\,- binoculars and a+teleseope. I did my first ; <> 
Siete. os RSet SAE Sas gS? Seen ae -o :. yy ‘réal’ astrophotography in.1996, when I used 
begs oe ‘rs CO erkea mes " * *a35mm SLR (film) camera to take photos % 
win we Sa eats TR eT oS ~ * -*, * ofComet Hyakutake. Ltook’a tripod out’ * 
hs Ms a. O13 6o8 eee Nass * , ~ into the desert here in Las Cruces and just 
1, te Got PPT: 's, orcas «Pe kaye ‘“ _..experimented with exposures. Later, I bought” 
(Sees Aust: Sp Hak PS tana 9 , eset. yA ten-inch Dobsonian for:viewing, and within® 
Baire 8 8 ae 4.8 : URES es _-«» 4.” a week was taking picturesthroughthe  -, 
eae * eyepiece. Within a few more weeks, I knew I 
“ wanted to get serious with astro-imaging.” 


Send your photos to... 


Altair GPCAM2 
IMX224 colour camera 


Camera If youre looking to get started in astrophotography, then this 
advice CMOS is easy to set up and won't dent your bank balance 


Cost: £189.99 ($245.09) This pocket-sized camera is full of ul . . 
From: Altair Astro surprises because, although it seems The price of this CdalMmMetTd ' when 
Type: CMOS quite small, its capabilities are far more 


Sensor size: 1/3 inch impressive than you'd think. This is compared to similar models, iS 
probably more suitable for an amateur 


Best for... astronomer that doesn't have much good for da beginner” 


spare room, or simply cannot carry 
Beginner to Intermediate a bigger camera. The Altair GPCAM2 for money and can be operated your astrophotography needs. You can 
IMX224 is only 6 centimetres (2.4 via your computer, connected by a gather some magnificent images, as 
inches) long, and is compatible with two-metre USB2.0 cable. Sadly, this the CMOS is sensitive to red, green and 
Medium budget any telescope that has a 1.25-inch camera can't be operated through an blue (RGB) filters as well as a CS-Mount 
eyepiece port. This also means you Apple computer since its software adapter with built-in UV-IR blocking 
Planetary imaging will be limited to a telescope with is incompatible, meaning that the filters. For an increased focus, there 
a 1.25-inch eyepiece, so be sure to user is restricted to using a Windows is also a 1.25-inch by 20-millimetre 
eee check that your eyepiece and this operating system. When you first nosepiece, and a C-Mount 5-millimetre 
Lunar viewing CMOS camera are compatible. With receive the camera, you must install extension adapter for C-Mounts, 
such a small size, this device is highly the appropriate drivers and software present in the packaging. 
Bright deep-sky objects portable and easy to store. The case online before you connect it to your Obviously how much detail you 
is impressively robust, meaning that laptop. It is incredibly easy to install, can get depends on the telescope you 
. you don't run the risk of the casing with instructions clearly marked use. It is highly recommended that for 
Video astronomy : ; 
cracking when you fasten the camera on the website or the sheet present astrophotography you use a telescope 
to the telescope or if it experiences a in the packaging. Once you have with a motorised mount, as this can 
Auto guiding few knocks and bumps. installed the software and connected track your chosen astronomical target 
If you want to get started in the camera, it will become apparent as it moves across the night sky. 
Microscopy astrophotography then this is a that the laptop interface is easily For our test both Jupiter and Saturn 
fantastic start, as it is great value understandable and adjustable to suit were high in the sky, while Saturn was 


The field of view will 
depend upon the telescope 
used, but as the camera is 
equipped with RGB filters, 
it will capture visible 
colour images 


It is best attached to a motorised 
telescope, capable of tracking a star. 
The ST4 cable is provided to utilise 

an external motorised system 


V 


close to opposition, making it an 
ideal time for Solar System viewing. 
Jupiter was shining at a brilliant 
magnitude of -2.1, so the exposure 
was set to a fraction of a second. 
Although the first few images were 
overexposed, the execution was easy, 
allowing us to hone our skills and 
produce great images with superior 
clarity and resolution. The USB2.0 
limits the data transfer speed, so the 
images took a little while to appear 
on the screen, particularly in the 
1280x980 pixel setting. 

Both Jupiter and Saturn gave a 
fun and entertaining challenge for 
the camera. However, attempting to 
image deep sky objects, such as star 
clusters and nebulae, is a much more 
difficult task. For fainter objects, the 
computer program offers a ‘Trigger 
mode’. This will take several short- 
timed exposures, and then stack them 
together, and if all goes to plan, the 
deep sky object will become apparent. 
The Altair GPCAM2 handled the 
lunar surface very well, picking out a 
selection of craters and mare. 

We advise imaging the Moon 
when it's at a phase that’s less than 
full and where bright light won't 
wash out the lunar surface’s features 
- terminators, where light and dark 
meet, often present a stunning 
lengthening of shadows that make the 
appearance of the surface of the Moon 
all the more interesting. 


The Sony IMX224 
Colour CMOS sensor 
provides high sensitivity 
and low noise, creating 
crisp and clear images 


The camera also comes with a 
2.1mm F1.6 150-degree field of view 
wide-angle meteor lens - this would 
provide a whole new experience for 
an astrophotographer. This lens costs 
£11.99 individually, and offers the 
opportunity to image meteor showers. 
To capture showers you would require 
a sturdy stand to keep the camera 
steady, which you would have to buy 
separately. Unfortunately, the camera 
can't be attached to a regular tripod 
because of its awkward shape. Stability 
is vital when imaging meteor showers 
or star trails, and if this camera can't 
be fixed into place, it can be jolted, 
which will ultimately ruin the shot. 

The camera has three possible 
pixel settings when using its 8-bit 
colour graphics, which are 1,280x960, 
640x480 and 320x240, and there 
is also the option of 12-bit mode as 
well. These settings will determine 
the performance of the CMOS, as the 
lower pixel settings will increase the 
frames per second (FPS). The lowest 
chip resolution (320x240) produces 
images quickly at a rate of between 
112-125 frames per second. This could 
come in handy for catching a planet's 
rotation or the movement of a Galilean 
moon around the limbs of Jupiter. The 
highest chip resolution (1,280x960) 
produces images at a rate of between 
25-32 frames per second, which is slow, 
but it could produce highly detailed 
images of the rugged lunar surface. 


STARGAZER 


Camera advice/' 


The meteor lens, 5mm extension and 
20mm nosepiece add a variety of options 
when performing astrophotography 


“The laptop interface is easily 


understandable and adjustable to 


To conclude, we were very 
impressed with the astrophotography 
capabilities of the Altair GPCAM2 
IMX224, and how easy it is to set up. 
There is no installation CD, so you 
must go onto the Altair website to 
install the software, but it doesn't take 
long, and the user interface is easy 
to understand. 


suit your astrophotography needs" 


The price when compared to similar 
models is good for a beginner, as this 
will improve your astrophotography 
skills by imaging the planetary 
systems, lunar features and even 
some deep sky objects. Then you may 
want to amp up your equipment to 
something more superior once you 
feel like a new challenge. 


The camera 

will flash 
ted when in 
operation 
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AN ALTAI 
GPCANi2 IMX224 
COLOURCAMERA 


Kick-start your hobby in astrophotography in our latest competition 


WORTH 
£189.99! 


Containing the sou | 
CMOS sensor, with e > 2 
low read noise, the X224 colour 
camera is ideal for a who of imaging - from 
solar and lunar to planetary. It is also an ideal choice 
for achieving stunning images of deep-sky targets Courtesy of 
thanks to its ability to produce excellent long- 
exposure shots. Timelapse all-sky imaging, with an 
optional meteor lens, is also supported by the CMOS’ NLT AY (] ~ 
support software. 

With an excellent,.high response in the red 


region of the spectrum, the camera's IMX224 To be in with z chance ot winning 


sensor has a very high sensitivity to red light for 5 J 3 
solar imaging as well as peak in all channels in the all you have to do 1S answer this question: 
infrared region, enabling you to use the camera in 
mono mode. An ST4 auto-guiding port is included, A: Northern 
and can be used to auto-guide with mounts from + B: Southern 
all the major manufacturers, including iOptron, . 
Celestron and Sky-Watcher. ; C: Both 

’ 


Enter via email at space@spaceanswers.com or by post to * » 
All About Space competitions, Richmond House, 33 Richmond Ue Bournemouth, BH2 6EZ 


Visit the website for full terms and conditions at www.spaceanswers.comi/competitions 


-OLUMBIA|® 


LOSE YOURSELF IN A WORLD OF 
Vinyl 
FIND YOURSELF IN 


OXFAM’S ONLINE SHOP 


8 
Me 


From: Harper Collins 
Perhaps one of the most essential pieces of kit for anyone 


In the shops cm 


navigating the night sky. Just like this chart, which is compiled 
The latest books, dpps, software, tech and : by astronomical experts Storm Dunlop and Will Tirion and 
accessones for Space and astronomy fans alike approved by astronomers at the Royal Observatory Greenwich, 


planispheres should be well designed and easy to use. Our first 
test was to see if the planisphere was readable under red light, 
which is used by astronomers to preserve night vision. Taking 
the planisphere outside, every detail on the map was visible, so 
whatever constellation in the Norther Hemisphere you might 
be looking for, you can use the planisphere to find it with ease. 
Many budding astronomers can be overwhelmed when first 
getting to grips with using a planisphere, but with practical 
instructions printed on the back, we found this one easy 

to follow and it simply directed us in how to dial in 
the date and time at our location by rotating the 
discs. Overall, we were impressed with the 

SS detail on this planisphere as well as the 
aN high-quality material it is made from 
‘ - an all-over laminate ensures that 
condensation can simply be wiped 
off without damaging the plastic 
and, of course, also means that the 
planisphere can be used for many 
observing sessions to come. 
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Star & Planet Finder v 6.5 


Cost: Free 
From: iTunes 
The Star & Planet Finder app is extremely underwhelming. As 
soon as we opened the app, the basic interface was immediately 
apparent. Exclusive to Apple's App Store, Star & Planet Finder 
uses GPS coordinates and your camera to project the positions of 
the planets, the Sun and the Moon on to your iPhone screen. 
Once you've discovered an object, you can view some basic 
information about it. This consists of the bare minimum, such as 
size, diameter and a brief description. The information was taken 
from Wikipedia, giving the impression that not a great deal of 
effort was put into the research. 
There is also the option to locate constellations, specific stars 
and satellites but, unfortunately, they are not available on the free 
version - you will have to pay $0.99 for the three separate groups. 
Considering the vast array of planetarium apps that can be 
found on the App Store, it is safe to say that there are several 
more impressive apps available. 
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C2A 2.1.3 
Cost: Free 
From: www.astrosurf.com 


C2A (Computer Aided Astronomy) has all the vital 
information required to fully utilise your observing time, 
especially if you are stargazing in the summertime when 


time is of the essence. C2A 


platforms, and has a basic interface, with no fancy interactive 
settings - much like a classic Windows 97 program. When 
searching the constellations, the program doesn't use the 
conventional names, such as ‘Ursa Major’ or ‘Cygnus’, instead 
they're called ‘Great Bear’ and ‘Swan’ respectively, and this is 
the case for all of the constellations. 
When it comes to its database though, it is incredibly 
vast. With several catalogues available, the deep sky 
objects, planets, stars, comets and asteroids are seemingly 
endless. After choosing your objects, you can then create 


a list of them, with C2A no 


magnitude etc for each object. When the list is created 
and the night has come, there is also a setting to control 
your telescope, making you 
assuming you have the mo 
required for controlling your telescope. 
C2A is hard to understan 
uses, everything will start to become clear. As this 


is free, it is a handy tool to 


preparing for a night of sea’ 


FACTORY 


EXOPLANETS AND THE SEARCH 


In the shops/' 


is only available on Windows 


ing the names, position, 
r observing a lot easier - 
torised mount and cables 
d at first but, after a few 


have for any astronomer 
ching the cosmos. 


THE 
The Planet Factory 
Cost: £16.99 
From: Bloomsbury Sigma (available September 2017) 
With the area of exoplanet exploration shooting to 
prominence in recent years, this is an excellent book to read 
to get up to date. Starting from the discovery of our own 
planets and continuing through to the recent discovery of 
possible habitable exoplanets, this book covers the full range 
of topics needed to understand everything about the search 
“a for a second Earth. The Planet Factory is ideal for beginners 
to astronomy, as it explains everything in fine detail, with 
plenty of relatable analogies to help understand complex 
astronomical processes. Not only that, but there are several 
diagrams, an extensive glossary and a further research 
section towards the end, in case you want to investigate a 
particular aspect in more detail. This book begins with the 
understanding of our own Solar System, continuing with how 
this understanding can be related to planetary systems around 
et faraway stars. The book then recaps the exoplanet results up 
to 2017, also including the possibility of Jovian moon's being 
YY habitable. Furthermore, throughout the book you are not only 
learning vital astronomical facts, you are questioning them. 
If you are excited by exoplanets and wish to learn the full 
background about our search for them, this book is written in 
an informative, entertaining and accessible way that covers all 
areas of this particularly fascinating topic. 
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William Borucki 


He persisted with the idea that we could 
detect extrasolar planets and was proved right 


As acub scout, William Borucki 
recalls peering through a telescope 
at a night sky filled with stars. It was, 
he said, the moment when he felt a 
connection with space and it sparked 
a lifelong and curious obsession to 
find out more. At that moment in his 
life, he dreamed of the possibilities of 
potential new worlds. That he ended 
up having a major hand in detecting 
scores of Earth-size planets around 
other stars in the habitable zone 
seems rather fitting in retrospect. 
Borucki was born in Chicago 
in 1939 and he grew up ina small 
town called Delavan in Wisconsin. 
He spent time as a young boy 
launching homemade rockets, 
fuelling his desire to study for a 
masters in physics at the University 
of Wisconsin. Graduating in 1962, he 
immediately found work at NASA. 
He would stay there for 53 years, 
spending the first ten years studying 
the radiation environment of entry 
vehicles as he worked on designing 
heat shields for the Apollo missions. 
During the 1970s, he developed 
photochemical models of the Earth's 
stratosphere and mesosphere as 
part of the Theoretical Studies 
Branch, with the aim of investigating 
the impact of nitric oxide and 
fluorocarbon emissions on ozone. 
But it was in the early 1980s that 
he began the work which would 
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go on to define him. In the face of 
scepticism, he published a paper 
that detailed how planets in other 
solar systems could be detected 

by measuring light in terms of its 
perceived brightness to the human 
eye. He proposed using the transit 
method, believing the observation of 
the periodic dimming of a star would 
point to a planet passing in front of 
it, blocking some of the light. 

Others scoffed and said that 
no technique could make such 
observations. Undeterred, he 
continued making proposal after 
proposal in his attempt to persuade 
NASA that it would be an efficient 
way to discover exoplanets. It 
must have been a disheartening 
experience; Borucki was turned 
down in 1992, 1994, 1996 and 
1998 with NASA citing the lack 
of suitable detector technology, 
costs, risk and concerns a specially 
designed telescope called Vulcan 
would not perform well in the harsh 
environment of space. But he would 
not give up. 

As time went on, he gathered 
greater levels of support, particularly 
after 1995 when an exoplanet 
called 51 Pegasi b was discovered, 
opening the possibilities of there 
being more. Eventually, his efforts 
paid off and in 2000, NASA gave 
the nod to the Kepler mission as the 


Borucki remained the 
chief investigator for the 
Kepler space telescope 
until his retirement in 2015 


tenth Discovery class mission. It has 
proven to be revolutionary. 

As such, following years of hard 
work, Borucki became the Principal 
Investigator for the mission. The 
Kepler Space Telescope launched 
on 6 March 2009 from Launch 
Complex 17-B at Cape Canaveral Air 
Force Station in Florida aboard a 
Delta II rocket and, while that was a 
couple of years later than expected, 
Borucki said it was the highlight of 
his career, the culmination of some 
25 years of graft and persistence. 
His belief has more than paid off. 
Kepler has monitored 150,000 stars 
and discovered 4,496 candidate 
exoplanets and 2,331 confirmed 
exoplanets. Of those, 21 are less 
than twice Earth-size in the 
habitable zone - something of a 
major breakthrough. 

Today, the Kepler mission is seen 
to be of vital importance. Even when 
the second of four reaction wheels 
on the spacecraft was lost in May 
2013 and NASA gave up fixing it 
three months later, the space agency 
wanted the mission to continue. The 
mission's next phase, K2, was given 
the green light. 

As for Borucki, he retired in 2015 
and he has been handed many 
awards including the Shaw Prize 
in Astronomy and the prestigious 
status of a NASA Ames Fellow. But, 
while he has sparked fresh hope of 
life elsewhere in the galaxy, he has 
played down expectations, saying 
the evidence, as it stands, suggests 
no one is out there. “Why haven't we 
been contacted?” he has asked. One 
day, we may find out. 
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Performance 
’ Precision and Value 


Sky-Watcher is a First-Class telescope brand ip an incredible range of high-quality astronomical telescopes and 
accessories, catering for users of all age groups and abilities, from the novice right up to the serious advanced astronomer. 
Sky-Watcher astronomical telescopes perfectly integrate modern optical technology with precision mechanical engineering, 
resulting in designs of suberb functionality, versatility and uncompromising levels of performance. 
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(Without R.A. Motor Drive) 
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Prod.Code 10713 


Sir Patrick Moore CBE FRS (1923-2012) 


Our Products are Available from Dealers throughout the UK 


OPTICAL VISION LTD 
UNIT 3, WOOLPIT BUSINESS PARK 
BURY ST. EDMUNDS 


WOOLPIT, 
SUFFOLK IP30 SUP 


* Magnif fications (with optics supplied): x36, x 
¢ Telesc we Focal Le gth 900mm (1/6.92 pi rar @ 
¢ R.A. Motor Drive With Multi-Speed Hand 


COMPREHENSIVE COLOUR CATALOGUE with 
Full Details of our EXTENSIVE PRODUCT RANGE 
as well as Helpful Information & Advice 


Order Your FREE Copy Today 


OPTICAL VISION LIMITED 


www.opticalvision.co.uk 
www.barrandstroud.com 


130mm (5.1") F/900 NEWTONIAN REFLECTOR TELESCOPES 


x180 * Highest Practical Power (Potential): x260 * Diameter of Primary Mirror: 130mm 
pplied (1.25): 10mm & 25m ¢ x2 Barlow Lens °¢30% more Light Gathering than 114mm 


130 aM ly ¢ EQ2 Equatorial Mount 


PARABOLIC REFLECTORS — PREMIUM FEATURES 

Both the SKYHAWK-1145P & EXPLORER-130P models below offer excellent all-round performance on 
The Moon, Planets & Deep Sky Objects. They feature premium quality Parabolic Primary Mirrors to 
eliminate spherical aberrations, producing even sharper, higher-contrast images which are full of 
detail. A “Paraboloidal” mirror is ground to a complex shape which brings all incoming light rays to 
a perfect focus, on axis. In addition they feature 0.5mm Ultra-Thin secondary mirror supports, to reduce 
diffraction spikes and light loss. 
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